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FOREST CONDITIONS IN THE LINCOLN FOREST RESERVE, N. MEX. 



By Fred. G. Plummer and M. G. Gowsell. 



I \' 



BOUNDARIES. 

The Lincoln Forest Reserve, New Mexico, was created by proclamation of 
the President dated July 26, 1902, the description of the included area being 
given by townships and subdivisions as follows: 

fc** '' Township seven (7) south, ranges eleven (11) and twelv^e (12) east, New Mexico 
f ■ principal meridian, New Mexico; sections thirteen (13) to thirty-six (30), both inclu- 
sive, township seven (7) south, mnge thirteen (13) east; township seven (7) south, 
ranges fourteen (14) and fifteen (15) east; sections thirteen (13) to thirty-six (36), both 
inclusive, township seven (7) south, ranges sixteen (16) and seventeen (17) east; town- 
ship eight (8) south, ranges eleven (11) and twelve (12) east; sections one (1) to ten 
(10), both inclusive, and fifteen (15) to eighteen (18) both inclusive, township eight 
(8) south, range thirteen (13) east; sections one (1) to twenty (20), both inclusive, and 
the north half of sections twenty-nine (29) and thirty (30), township eight (8) south, 
range fourteen (14) east; township eight (8) south, ranges fifteen (15), sixteen (16), 
and seventeen (17) east; township nine (9) south, ranges ten (10), eleven (11), and 
twelve (12) east; township nine (9) south, range seventeen (17) east; township ten (10) 
south, ranges nine (9), ten (10), eleven (11), and twelv^e (12) east; sections seventeen 
(17) to twenty (20), both inclusive, and twenty-nine (29) to thirty-two (32), both 
inclusive, township ten (10) south, range thirteen (13) east; township eleven (11) 
south, range nine and one-half (9^) east; all of township eleven (11) south, range ten 

(10) east, which is not included in the Mescalero Apache Indian Reservation; sections 
five (5) to eight (8), both inclusive, sections seventeen (17) to twenty (20), both inclu- 
sive, and sections twenty-nine (29) to thirty-two (32), both inclusive, township eleven 

(11) south, range thirteen (13) east; township twelve (12) south, range ten (10) east; 
township thirteen (13) south,^ ranges ten (10) and eleven (11) east/' 

Petitions and recommendations for additions to this forest reserve cover the 
following areas: Portion of township 8 south, range 13 east; township 8 south, 
range 18 east; township 9 south, range 13 east; township 9 south, range 18 east; 
portion of township 10 south, range 13 east; township 10 south, range 14 east; 
township 10 south, range 15 east; portion of township 11 south, range 10 east; 
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township 11 south, range 11 east; portion of township 11 south, i-ange 13 east; 
township 11 south, range 14 east; township 11 south, range 15 east; township 12 
south, range 11 east; township 12 south, range 12 east. 

All the areas above mentioned are described in this report and are shown 
on PL I (in pocket). 

GENERAIi BESCRIPTION. 

In southern New Mexico, between the Rio Grande del Norte and the Rio Pecos, 
is an elevated region 14:0 miles wide, from the center of which rises an irregular 
mass of mountains whose summits and higher slopes are covered with timber, and 
whose lower declivities and spurs support a scattering woodland. Deciduous trees 
follow, or attempt to follow, for short distances, the water courses which radiate 
from these summits. There are four well-defined ranges — Sacramento Mountains, 
Sierra Blanca or White Mountains, Capitan Mountains, and Jicarilla Mountains. 
In the most southerly of these, the Sacramento Mountains, little of the land is 
owned by the Government, and the timber is being logged and marketed ai 
Alamogordo, a station on the £1 Paso and Northeastern Railway 14 miles soul 
of Tularosa. The southern portion of the Sierra Blanca is included within the 
present boundaries of the Mescalero Apache Indian Reservation. The remaining 
portions of these mountainous areas which are timbered, wooded, or important 
parts of watersheds are included in or are adjacent to the Lincoln Forest Resene. 

East of these mountains the surface slopes steadily to the Rio Pecos, but 
toward the west the slope is interrupted by the San Andreas Range and is not 
therefore directly tributary to the Rio Grande del Norte. The depression between 
the San Andreas Range and the area under consideration is arid and has no 
permanent surface dminago, the few small streams and springs immediately sink- 
ing into the earth. The Malpais, an ancient flood of lava which flowed from 
two craters, followed the central trough of the depression southward a distance 
of 40 miles to a point near the border of an ancient salt lake. This is a dry, 
unpromising region, without water or prospect of water for irrigation. 

The general elevation of the region adjacent to the mountain ranges is 5,000 
feet above the sea. The highest summit is Sierra Blanca Peak, which is in the 
northwest portion of the Mescalero Apache Indian Reservation, and which reaches 
an altitude of 11,882 feet. The axis of the range of the same name trends 
north and south from this summit. The Capitan Mountains bear east and west 
at right angles to the Sierra Blanca. Three low passes cut the mountains, but in 
other places the high relief is continuous. 

Upon the higher slopes of the mountains are numerous small perpetual 
streams, >'arying in length according- to the protection aflforded by forest or 
woodland. Some of these imite to form *" rivers,'" a term here applied to such 
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FOREST ZONES. 11 

of the watercourses as can advance a few miles desertward. These are mentioned 
more particularly under the heading " Irrigation " (pp. 16-18). 

The El Paso and Northeastern Railway runs near the western boundary of 
the reserve. From Carrizozo a branch line crosses the mountains by Indian 
Pass and handles the output of the coal mines at Capitan. Wagon roads run 
ev^ery where over the flats, plains, and mesas, and the mountainous regions are 
accessible by numerous trails. 

The forests are of a type common to the mountains of the Southwest — open 
and often scattered with light underbrush, almost lacking in humus except on 
some of the broad summits. Inasmuch as better lumber can be imported to the 
markets bordering this region, and as good water is the scarcest of commodities, 
these forests have their greatest value as water conservera. 

FOREST ZONES. 

For convenience, the areas in which timber and woodland growths are found 
may be divided into zones determined by altitudes, although these should not be 
considered as being clearly defined over the entire region examined. The ranges 
of the species vary greatly according to soil, moisture, and exposure, and only 
after a careful tabulation of all the data was the classification made. The custom 
of botanists and the precedent of former reports of this Survey on forest reserves 
make this method desirable, as it enables the relatively small and isolated forests 
under consideration to be compared with the forests in other regions. 

The subalpine zone is found between altitudes of 9,000 and 11,000 feet. The 
principal tree is Engelmann spruce, with subordinate amounts of white fir, red 
fir, Mexican white pine, and aspen, generally in groves. 

The yellow-pine zone ranges from 6,400 to 9,000 feet. The principal tree is 
yellow pine, with red fir, white fir, Mexican white pine, and oak. Along the 
streams and canyons are locust, maple, cottonwood, and other deciduous species 
overlapping from the woodland zone. 

The woodland zone occurs between altitudes of 5,000 to 6,400 feet. The 
species composing it are pinon, juniper, cedar, scrub oak, and along streams ash, 
box elder, and walnut. 

On the diagram, PI. II, are shown the altitudinal ranges of these various 
species, and also, by the thickness of the figures, the elevation at which they reach 
best development. 

Along Three Rivers, extending out into the desert about 10 miles beyond the 
lower limit of the woodland, is a narrow broken fringe of deciduous trees which 
deserves mention. The lands have long since passed from Government control, 
and there has been some culling among the trees for fuel. The best growth was 
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found near Three Rivers post-office, where an acre was measured and estimated 
as follows: 

Number of trees an 1 acre near Three RiverB^ N. Mex, 
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The trees fork low, are very crooked, and very little clear lumber could be 
cut from each. Nevertheless, such an exceptional acre would run over 1,000 feet 
B. M. The entire fringe of trees will not average 30 per cent of the above. 

DESCRIPTIONS OF TREES. 

YeUow ])ine {Pimi^ p(mdero8a). — This is the chief timber tree in both the 
Sierra Blanca and the Capitan mountains. It ranges between 6,400 and 9,250 feet 
elevation above the sea and forms 61 per cent of the entire forest stand. It 
rarely forms pure forests, being more or less associated with the woodland species 
at its lower range, and at higher elevations being mixed with all of the other 
timber species. The avemge mature tree has a height of 45 feet, with 11 feet of 
clear trunk and a diameter of 10 inches. Veterans attain a height of 100 feet 
and 30 inches in diameter. 

^fexican white pine {Piiitcs strobiformis). — This species is found as a member 
of the mixed forests at the higher elevations throughout the reserve. It is a 
valuable timber tree for this locality, and in quality is considered second only to 
the yellow pine. It has been culled for lumber along the headwaters of Eagle 
Creek, and also along the western summits of the Capitan Mountains, where it has 
been worked for shingles under the local name of ''sugar pine." It comprises 
7 per cent of the entire forest stand. Average trees are 38 feet high, with 11 
feet of clear trunk and 9 inches diameter. A few veterans reach a height of 1(X) 
feet and a diameter of 30 inches. 

Pifion {Pimis edulis), — This pinon is the principal constituent of the wood- 
land, and is frequently associated with yellow pine at the lower altitudinal range 
of the latter. It is a remarkably hardy tree, and is the leader in the slow 
advance of the woodland upon the bordering arid lands. Mature trees at higher 
elevations reach a height of 30 feet and have a diameter of 9 inches, but are 
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DESCRIFnONS OF TREES. 13 

very crooked and are of use only for fuel. Once in about four years they set 
an abundance of cones, the seeds of which are edible. 

liedjir {Pseudotfniga tax! folia). — This tree, the most important member of the 
heavy forests of the North Pacific coast, reaches in this locality a point near its 
eastern and southern limits of distribution. It is here an intruder on the domain 
of the vellow pine and the Engelmann spruce, and reaches a very inferior devel- 
opment when compared with localities where it ranks first in importance. The 
average mature tree is only rK) feet in height, with 8 feet clear trunk and a 
diameter of 8 inches, although veterans attain a diameter of 30 inches and a 
height of 90 feet. 

White fir {Ahies concolor), — This fir has a large altitudinal range, extending 
from 7,500 to 10,5CK) feet. Together with the red fir it is an important tree in 
the transition from the yellow-pine zone to the subalpine zone, and is estimated 
to form 8 per cent of the total forest stand. Its heavy foliage affords good shade 
and protection on the more elevated slopes and in most of the principal canyons. 
Mature trees reach a diameter of 34 inches, with a height of 85 feet, but the 
average is the same 9^ of the red fir. 

Suhalpine fir {Ahies lamocarpa). — Foliage of this species was found, closely 
resembling the lower foliage of Ahies amabilis^ in T. 10 S., R. 11 E., but no cones 
could be obtained for its positive identification, although careful search was made. 
The trees were young and formed part of a new growth succeeding the dying 
Engelmann spruce. 

Engelmann npruce {Picea engeJnianni), — This species is limited to elevations 
above the 9,000-foot contour, where it frequently forms pure forests. The 
conditions for it^j best development are found along the high ridges north of 
Sierra Blanca Peak, at the headwaters of the Rio Ruidoso, and also along the broad 
summits of the Capitan Mountains. Notwithstanding the fact that the summits of 
the Sierra Blanca afford apparently ideal conditions for the growth of the spruce, 
about 20 per cent of the standing trees are dead or dying. This gives the forest 
the appearance of having been scorched by a fire not severe enough to utterly 
destroy it. For thLs no cause was found. The mature trees reach a diameter 
of 24 inches and a height of about 75 feet, with branches nearly to the ground. 

Ceihr {Juniperus monospernia), — This species (also called savin) is found 
throughout the wooded districts, and its altitudinal range is the same as that of 
piiion. It furnishes 13 per cent of the total estimated cord wood. Although 
it is a very scragg}- tree, yet, owing to its ability to withstand ground rot, it is 
much prized foT- fence posts and rails. Mature trees attain a height of 20 feet 
and a diameter of 9 inches. 
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Alligatiyr juniper {Jimiper^ts p(ichyphl<ea). — This is a valuable fuel tree, forming 
30 per cent of the woodland. It has a greater altitudinal range than the pinon, 
being frequently found in the middle of the yellow-pine zone, where its position 
is generally on the open mountain sides or elevated mesas rather than in canyons 
or other waterways. Mature trees reach a diameter of 14 inches, but the average 
tree is about 4 inches in diameter and 15 feet in height. The trees are generally 
symmetrical and often beautiful, and their abundant crops of berries are considered 
edible after the first frosts of early winter. 

Rocky Mauntmn oak {QvercKS undulata), — ^This tree is common above an 
altitude of 7,000 feet, forming characteristic groves on otherwise timberless slopes 
or spurs, particularly in the Sierra Blanca region. It is also found along the 
summits of the Capitan Mountains, associated with timber species. It is usually 
about 15 feet in height, with 4 feet clear tnmk, and a diameter of 3 inches, 
although veterans attain 40 feet in height and a diameter of 10 inches. It is 
afflicted with dry rot over the western end of the Capitan Mountain region. 

Gamhel oak {Quercus gatnbeUi). — ^This small tree is conmion to nearly all of 
the woodland, being associated with the pinon and cedar. It is not in demand for 
any purpose except fuel or an occasional fence post. 

Aspe?i {Poj/uhis tremnhides), — A common tree in the subalpine zone, where it 
is frequently found in isolated groves, which, in every instance, appear to be 
rcstockings of very old burns. On the north side of Sierra Blanca and among 
the dying spruce this species is doing considerable restocking. In T. 8 S., R. 16 
E., it comprises about 20 per cent of the forest cover in the subalpine zone. 
Average trees attain a height of 30 feet, 10 feet clear trunk, and a diameter of 
6 inches. 

Narnno-leaf cottonwood {Populus ang^Lstifolki). — This species is represented 
along nearly all streams, where it forms a part of the mixed forests. It thrives 
best at about 7,000 feet elevation, but has been cultivated at lower altitudes. The 
average tree is 40 feet in height, having 10 feet clear trunk and a diameter of 9 
inches. 

Fretnont cotton^oood {Populus fremontii). — ^This tree is found in the cultivated 
districts throughout the reserve, chiefly along irrigating ditches, where it is a very 
sendceable shade tree. 

Mexican walnut {Juglans rmpestriH). — This tree is common to nearly all water- 
courses throughout this region, and is found at its best along Three Rivers and 
the Rio Ruidoso. It has a more rapid growth than any other tree found in the 
reserve. Average trees reach a height of 40 feet and a diameter of 11 inches, 
with 6 feet clear trunk. 
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Box elder {Acer nsgundo), — The box elder is closely associated with Mexican 
walnut and other deciduous trees along the principal streams. The trunks are very 
crooked and would afford very little clear lumber. It is a beautiful shade tree. 
Average trees have a height of 40 feet, 4 feet clear trunk, and a diameter of 
about 9 inches. 

Leathk^r-haf ash {Fraa^inus vdutina), — The leather-leaf ash is an uncommon 
tree in this region. It is much sought on account of its strength and endurance. 
It is found along Three Rivers and Eagle Creek, and also in the Capitan Moun- 
tains. The average tree reaches 35 feet in height, 7 feet clear trunk, and 10 inches 
in diameter. 

Large-tooth maple {Acer saccharum grandidentatum), — ^This species is repre- 
sented in the Capitan Mountains, in T. 8 S., R. 16 E., but is more common in 
Nogal Canyon, on the east slopes of the Sierra Blanca, at an altitude of 7,000 to 8,000 
feet, where it is closely associated with aspen and other deciduous trees. It has 
been cut chiefly for cord wood. Mature trees attain a diameter of 10 inches and 
a height of 50 feet. 

New Mexican locust {Rd>inia mxyrnexica/na), — This tree has an extensive dis- 
tribution through this region. While small and unimportant for either timber 
or cord wood, it is very serviceable as a water conserver on some of the high 
eastern spurs of the Sierra Blanca, where, after the manner of the oak, it forms 
numerous small groves and thickets. It was seen at its best toward the head of 
Carrizo Creek, at an elevation of 8,300 feet, in T. 12 S., R. 12 E. 

Rate of growth of trees in Lincoln Forest Reserve^ X. Mex. 



.Species. 



Yellow pine 

Mexican white pine 

Pifion 

Red fir 

White fir 

Alligator juniper 

Large-tooth maple 
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244 
168 
388 
151 
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12.30 
18.00 
34.00 
11.50 
10.40 
35.80 
22.40 
18.30 
5.44 
7.37 
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PRICT58 OF liUMBER. 

West of the forest reserve, along the line of the El Paso and Northeastern 
Railway, the lumber is generallj' obtained in the Sacramento Mountains. East' 
of the reserve, along the Pecos Valley and Northeastern Railway, the supply is 
obtained from Arkansas or from the Pacific coast. At Alamogordo the principal 
woods used are locally known as ''red spruce" {P^eudotmga taxifclia) and 
"mountain pine" {Pinun pondei'om). In this report they are referred to as '^red 
fir"' and "yellow pine." Prices of local and imported lumber do not vary 
materially and are as follows: 

I^ricei of lumber in Lincoln Forest Resene, N. 3/er., per M feet B. M, 

1 by 3, 1 by 4, 1 by 6, surfaced two sides $26 

1 by 8, 1 ))y 10, surfaced two sides 27 

1 by 12, surfaced two sides 30 

2 by 8, 2 by 10, surfaced two sides 29 

2 by 12, surfaced two sides 32 

1 by 4, 1 by 6, 1 by 8, surfacerl one side 16 

1 by 10, surface*! one side 17 

1 by 12, 8urfaft»il one side 19 

4 by 8 to 8 by 8, 4 by 10 to 12 by 12, surface<l one side 20 

Flooring and ceiling $20 to 26 

Shingles, \yQT 1,000 5 

I^ths, per 1,000 4 

Heart stock brings $2.50 extra i)or >I feet B. M. 

IRRIGATIOX. 

On all sides of the mountains are broad stretches of gently sloping plains and 
mesas, in which the soil, climate, and topography are favorable to agriculture, but 
the most impoiiant of all factors, water, is lacking. The Rio Ik)nito, Rio Ruidoso, 
and Rio Tularosa are the only streams which have a surface flow extending any 
considerable distance over the arid area, and none of their {perpetual normal flow 
is permitted to waste. The cultivated lands in the area examined aggregate only 
4,197 acres, an insignificant i>ercentage of the enormous areas which could be 
irrigated if water could be secured. 

Artificial '* tanks'" are frequently employed for the storage of intermittent 
surface flows where water is used for domestic purposes and irrigation, but no 
works have as yet been constructed for- the impounding of flood waters for 
generjil distribution. 

The Rio Tularosji furnishes the supply for the Mescalero Apjiche Indian Reserva- 
tion Agency: also for the irrigation of several small farms outside of the re^servation 
and for the town of Tularosa. There are about 150 claimants in Tularosa, to 
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whom a ditch tender apportions the water, the turn of each claimant recurring 
in about two weeks. 

On Arroyo Rinconada, in T. 13 S., R. 10 E., is a promising location for a 
reservoir for the storage of the flood waters of this stream. Some preliminary 
surveys have been made by private parties, who hoped to reclaim about 20,000 
acres of excellent land lying north of Tularosa, an area known locally as Temporal 
Flats. 

Three Rivers, draining the high western slopes of Sierra Blanca, is now con- 
sidered perpetual only as far as sec. 13, T. 11 S., R. 9^ E. According to old 
settlers, its surface flow formerly extended westerly into the desert about 15 
miles beyond this point. The lands along its valley are well adapted for the 
growing of fruits and garden produce, and none of its surface flow is wasted. 

Nogal Arroyo carries considerable water during flood seasons, but no at- 
tempts have been made to reclaim an}" of the Carrizozo Flats, the only irrigation 
practiced being near its source, in T. 9 S., R. 12 E., where its flow is perpetual. 
During the flood season in June, 1902, a large amount of water was held back 
by the grade of the El Paso and Northeastern Railway near the town of Carri- 
zozo. According to tjjfiL estimates of residents, the quantity was suflicient to 
have covered the flats to a depth of 2 inches had it been evenly distributed. 
There are two wells at Carrizozo — one alkaline, the other sulphurous. The 
water for drinking is brought from Alamogordo b}'^ railway tank cars. 

Carrizo Creek does not furnish water for irrigation, but one of its tribu- 
taries, which heads in T. 8 S., R. 16 E., supplies water for stock the year 
round, and also serves for the irrigation of a patch of alfalfa belonging to the 
"Block i-anch," in the northern part of T. 7 8., R. 16 E., outside of the forest 
reserve. Its waters are carried in an open ditch. 

Burers Canyon, on the north slope of the Capitan Mountains, has a perpetual 
flow near its head, and furnishes water for the irrigation of about 10 acres near 
the southwest corner of T. 7 S., R. 17 E. In sec. 36 of the same township is 
a field of 10 acres, principally corn, irrigated by a small unnamed stream from 
the Capitan Mountains. The dminage from the eastern spurs of these mountains 
is used for the irrigation of a few small and unimportant areas in Ts. 8 and 9 S., 
R. 18 E., and it is probable that a careful survey would show some possibilities 
for the impounding of the flood waters of Bluewater and Blackwater canyons for 
use in arable areas farther east. 

The Rio Bonito is important, furnishing water for irrigation and domestic 
supply throughout its length. It passes through the Fort Stanton Marine 
Hospital Reser\^e. 

9974— No. 33—04 2 
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Little Creek and Eagle Creek are of comparatively little importance^ and the 
small perpetual flow at their headn is used only in T. 10 S.* R. 13 E. There are 
some promising mesa lands lK>rdering these streams, hut so far their cultivation 
without water has not proved a success. 

The Rio Ruidoso is important for irrigation outside of the present limits of 

the forest reserve and within the area shown on the map (PL I). It is partly 

for this reason that settlers have petitioned for the inclusion of this stream in 

the reserve. 

GRAZIXG. 

Over the greater portion of the forest reseiTe forage grasses form an 
important part of the ground cover. They are not only a factor in regulating 
the run-off after heavy rains or melting snows, but retard the excessive evapora- 
tion. The areas shown in yellow on PI. I include only such grazing lands as 
support neither woodland nor timber, but all of the forest reserve might be clas- 
sified as grazing land so far as its natural utility for that purpose is concerned. 
The elevated timberless spurs from the Sierra Blanca are well covered with 
forage gi-asses, and together with the forested summits of the Capitan Mountains 
are at present the best areas for stock grazing. The lower slopes and plains, 
lying below the 7,000-foot contour, have been more accessible, and for this 
reason have been irreparablj^ damaged by overgrazing. In some plac*es the exter- 
mination of the gramma grasses and other ground cover has i)ermitted deep and 
extensive erosion, actually <*hanging the topography and laying waste large areas 
which fonnally supjHjrted a luxuriant growth of valuable forage grasses. This 
effect was parti<fularly notic<;d in the northwest portion of T. 10 S., R. 14 E., 
but is obs<frvable in tlu; westiirn tiers of townships, which include Carrizozo 
Flats, where the grazing vahie is very low as a result of overgrazing, and 
where the grass<*b will \Ht extinct ere long. Mountain mahogany is plentiful in 
the Capitan Mountain^ and furninhes the prinoijml winter browse. 

HirUNM. 

The total burned nn-n >*fM ('^tiutnU-il at 1,480 acres, or less than 1 per cent 
of the entire i\m\H'n^i aiM-rt ^'X^mirM'd. The areas classified as burned include 
only such as apf ^y/ n^jj^ul. ;i>t Ur (.fruUiiu no merchantable timber, alid it must 
not be infern'd that iit*-'. nt*- of rttrt' o<<'iirren<'e in this region. Very small 
burns are, nuinerour, tn^) '//^.f/l/r^ibh'. nmiH have been overmn by fires which 
result<»d in the [fui^Ul fU^Aiu/Uhu /»f \\u\ fn'es. This is particularly true in 
the Capitan Siimh^mu^, *i)»* t* ''^\A\u\i /onifer.M hikI scrub oak have been the 
greatiist Huffenr-,. r-jM/. Mr/ '-rNMnhrn/'nt of the forest reserve most of these 
small lire^ hav<i tjt-M^AA^ fffi,h^ j^rMy U* the vigorous patrol which has been 
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maintained, and also to the changed sentiment of the people, who are now fully 
alive to the benefits of forest protection. 

Traces of very old burns are frequently seen throughout the timbered areas, 
particularly near the summits. In many cases the restocking has been b}^ aspen 
{Populm tre)nulou1es) where the original forest was undoubtedly^ coniferous. 

T. 10 S., R. 11 E., has sustained the greatest loss from fires, which, accord- 
ing to the testimony of residents, have resulted in a visible decrease in the 
minimum flow of the streams. These burns occurred in 1895, as did also the 
burn in sec. 3, T. 11 S., R. 11 E. The resulting litter from these fires, together 
with the dead and dying Engelmann spruce, which is mentioned elsewhere in 
this report, is a constant menace to the stiinding forests, and will necessitate the 
utmost vigilance on the •part of the rangers to prevent a most disastrous confla- 
gration, the eflfects of which would be far-reaching for the reason that the most 
important streams rise in these townships. 

The area examined covers portions of eight mining districts — White Oaks, 
Vera Cruz, Nogal, White Mountain, Rio Tularosa, Tularosa, Capitan, and Bonito. 
The region has been well prospected for gold, silver, and copper, which have 
been found in paying quantities. A 15-stamp mill has been installed 2 miles 
south of Nogal town site to work the free-milling output from the Helen Rae, 
American, and adjacent properties. There has been considerable development 
work in the vicinit}' of Bonito and Parsons, where promising ledges of gold- 
bearing quartz have been uncovered in the porphyritic formations. 

Measures of bituminous coal are found in the vicinity of Capitan, in T. 9 S., 
R. 14 E., and also near White Oaks. The former are being worked by the 
New Mexico Railway- and Coal Company, and in 1901 yielded 200,000 tons. 

. Further details regarding these and other mining proi)erties will be found 
in the report of the governor of New Mexico, 1902, page 523 et seq. 

DESORIPTIOXS OF TOWXSHIP8. 

Township 7 South, Range 11 East. 

The eastern third of this township is steep and rocky, lying on the west 
slope of Carrizo Peak. The rest is a gently rolling and sloping plain, which 
supports neither woodland nor forest. The surface is cut by shallow arro^^os 
which drain westerly to the Malpais. There has been nmch overgrazing, par- 
ticularly in the southern portions. A goat mnch is located in sec. 24, where 
there is a small spring. In sec. 28 is a ranch with a well 50 feet deep giving 
good soft water. All the woodland is on the slopes of Carrizo Peak. The 
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reproduction is ^ood, and there has been some culling for fuel in sec. 23. There 
is no timber. 

SUmd of trees in T. 7 S., R. 11 E. 

Corda, 

Rfton 4,000 

Juniper 1,600 

Cedar 1,600 

Oak 800 



Total 8, 000 

Township 7 South, Range 12 East. 

This irregular township contains but six sections. It lies on both sides of 
Carrizo Peak, which has an elevation of about 9,600* feet and a rough and 
precipitous surface. ' Only the higher elevations are timbered, the lower slopes 
being scattering woodland. It has been grazed by goats. 

Stand of trees in T. 7 *S'., R. 13 E. 

Cords. Feet B. M. 

Yellow pine 643,000 

Red fir 1,502,000 

Pifion 2,280 

Juniper 1,140 

Cedar 380 



Total 3,800 2,145,000 

Omdii'ums of timber trees in T. 7 S.y B. 13 E. 

Average total height feet. . 30 

Average height, clear do. . 10 

Average diameter, breast-high inches. . 12 

Dead per cent. . 1 

Average age years. . 70 

Reproduction Good. 

Township 7 South, Range 13 East. 

Sees. 13 to 36, inclusive, are within the reserve. The surface is rough and 
mountainous, traversed by a divide which has a general northwest-southeast 
trend, and is cut by Bernal Gap. The northeastern portion is cut by numerous 
arroyos which drain into Carrizo Creek. In the southwestern portion Bernal 
Gap drains into Nogal Arroyo. All the township has been grazed, principally 
by cattle. A small sawmill is operating intermittently on sec. 9, outside the 
reserve. 
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Stand of trees in T. 7 8,7 R. 13 E. 

Cords. Feet B. M. 

Yellow pine 9, 810, 000 

Red fir 1,090,000 

Pifion 5,400 

Juniper 4, 200 

Cedar 1,800 

Oak 600 



Total 12,000 10,900,000 

Conditions of timber trees in T. 7 6'., R IS E, 

Average total height feet. . ^ 50 

Average height, clear do 10 

Average diameter, breast-high inches. . 10 

Dead per cent. . 1 

Diseased do 1 

Average age .years. . 60 

Reproduction Good. 

To\^^8Hip 7 South, Range 14 East. 

The surface is gently sloping and rolling toward the north and east and is 

drained by Carrizo Creek, the flow of which is peipetual in portions of its bed 

and sinks in others. In the creek valley are about 1,000 acres of arable land, of 

which 60 acres are in cultivation. The entire township has been grazed, principally 

by cattle. In the southern and western portions there has been some culling of 

the trees for fuel and fencing. In sec. 32 is a well, but the water is strongly 

impregnated with gypsum. 

Stand of trees in T. 7 X, R. 14 E. 

Cords. Feet B. M. 

Yellow pine 560, 000 

Pinon 18,000 

Juniper 9, 000 

Cedar 1,500 

Oak 1,500 



Total 30,000 560,000 

Conditions of timbtr trees in T. 7 X, R. 14 E. 

Average total height feet. . 40 

Average height, clear do 10 

Average diameter, breafit-high inches. . 8 

Dead |)er cent. 

Diseased do 1 

Average age years. . 50 

Reproduction Me<lium. 
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Township 7 South, Range 15 East. 

The surface has an easy gradient to the north and is drained by arroyos 
tributary to Carrizo Creek. It has all been closely gitized. In sees. 28 and 
35 the water for domestic purposes and for watering stock has been piped a 
distance of 1^ miles. There is no other water in the township. A sawmill was 
formerly located in sec. 34, for which some culling was done in the canyons 
and arroyos in the immediate neighborhood. 

Stand of trees in T. 7 *S'., R, 15 E. 

Cords. Feet B. M. 

Yellow pine 2, 540, 000 

Pifion 19,350 

Juniper 21, 500 

Oak 2,150 



Total 43,000 2,540,000 

Conditions of timber trees in T, 7 S,, Ji. 16 E. 

Average total height feet. . 40 

Average height, clear do 10 

Average diameter, brea^-high inches. . 8 

Dead per cen t . . 5 

Diseased do 1 

Average age years. . 50 

Reproduction Good. 

Township 7 South, Range 16 East. 

Sees. 13 to 36, inclusive, are within the reserve. The surface has a gentle 
slope to the north and is cut by numerous arroyos. A well 100 feet deep in 
sec. 22 furnishes an abundance of good water for a small settlement of Mex- 
icans. The Block ranch, with headquarters at Richardson, in the northwestern 
part of this township, brings water a distance of over 6 miles through an open 
ditch from streams which head in the Capitan Mountains, in T. 8 S., R. 16 E. 
All this township is being grazed by cattle. Fifteen years ago portable sawmills 
operated in the canyons in the southern portion. 

Stand of trees in T, 7 S., R. 16 E. 

Cords. Feet B. M. 

Yellow pine 1,120,000 

Pifion 28,800 

Juniper 28,800 

Oak 6,400 



Total 64,000 1,120,000 
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Omditions of timber trees in T, 7 S., R. 16 E. 

Average total height feet. . 40 

Average height, clear do 10 . 

Average diameter, breast-high inches. - 8 

I>ead per cent.. 5 

Diseased do 2 

Average age years. . 50 

Reproduction Medium. 

Township 7 South, Range 17 East. 

Sees. 13 to 36, inclusive, are within the reserve. The surface^ has a gentle 
slope to the north and east and is cut by a number of small arroyos. Water has 
been brought 5 miles by flume from sec. 15, T. 8 S., R. 17 E., and is used 
in sec. 26 for domestic and other purposes. All this township has been closely 
grazed by cattle, and also bears evidence of having been oversheeped in the 
past. In the southern part there has been some culling for cord wood and posts. 

Stand of trees in T. 7 S., R. 17 E. 

Cords. Feet B. M. 

Yellow pine -. 180,000 

Pifion 27,500 

Juniper •. 16,500 

Cedar 2,750 

Oak i 8,250 



Total 55,000 180,000 

Conditions of timber trees in T, 7 S., R. 17 E. 

Average total height feet. . 40 

Average height, clear do 10 

Average diameter, breast-high ^ inches. . 8 

Deafl per cent. . 5 

Diseased ^ do 3 

Average age years. . 50 

Reproduction Good. 

Township 8 South, Range 11 East. 

The northern portion of this, township is a nearly level plain lying between 
Carrizo Peak and the northern end of the Sierra Blanca, known locally as Carrizozo 
Flats. The southern portion is steep and rocky and is cut by niunero.us deep 
arroyos which drain northwesterly toward the Malpais. There are some mining 
claims and a rancher in sec. 33, where there has been some culling for fuel. The 
entire township has been badly overgrazed and the ground cover ruined. Under 
these conditions it is not likely that the woodland, which extends into the southern 
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tier of sections, will naturally reclaim any of these areas, although the reproduction 

is good. 

Stand of trees in T S S,, Ji. 11 E, 

Cordii. 
Pifion 600 

Cedar 600 



Total 1,000 

Township 8 South, Banoe 12 East. 

This irregular township contains less than 7 sections. The surface is gently 
rolling valley land, which is tributary to Nogal Arroyo. There is no timber, and 
the only woodland is at the southern boundary. 

Stand of trees in T S S., R, IS E. 

Cords. 
Pifion 250 

Cedar 250 

Total 500 

Township 8 South, Range 13 East. 

This township lies on the divide between the Rio Pecos and the Malpais desert, 
including in part the Vera Cruz Mountains and the Tucson Mountains, which reach 
an elevation of 8,000 feet. Its lowest point is at Indian divide, which has an 
elevation of 6,952 feet and is crossed by the Carrizozo-Capitan branch of the El 
Paso and Northeastern Railway. The surface is rough. The grazing value is 
ver>' low, owing to overstocking. The drainage is westward by Nogal Arroyo 
and its tributaries and eastward by Indian Canyon, both of which are intermit- 
tent streams of little consequence. 

Stand of trees in T. 8 S,, R. IS E. 

Cords. Feet B. M. 

Yellow pine 510,000 

Pinon 24,000 

JuniiHT 4, 000 

Cedar .• 12,000 



Total 40,000 510,000 

Conditions of timber trees in T, 8 K, R. IS E, 

Average total height feet. . 40 

Average height, clear do 12 

Average diameter, breast-high inches. . 9 

Dead per cent. . 2 

Disea8e<l do 1 

Average age years. . 55 

Reproduction Medium. 
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Township 8 South, Range 14 East. 

Twenty-one sections of this township are in the reserve. The area covers 
a low divide in the Capitan Mountains, and its principal drainage is by Gyp 
Springs Canyon, a tributary of Salado Creek. At Jacobs ranch, in sec. 1, is an 
abundance of spring water for local use and for the irrigation of a small 
orchard. There is also good drinking water in sec. 18. The entire township has 
been grazed — the southern portion, which is outside the reserve, to an injurious 
extent. The large percentage of dead trees is attributed by the settlers to the 
continued droughts. 

Stand of trees in T. 8 S., R, 14 E. 

Cords. Feet B. M. 

Yellow pine 840,000 

Pifion 39,600 

Juniper 19,800 

Cedar 6,600 



Total 66,000 840,000 

Conditions of timber trees in T. 8 S., R, U E. { 

Average total height feet. . 50 

Average height, clear do 12 

Average diameter, breast-high inches. . 10 

Dead (95 per cent Pifion) per cent. . 10 

Diseased do 5 

Average age years. . 60 

Reproduction ^ Medium. 

Township 8 South, Range 15 East. 

The southwestern portion of this township is rolling land of easy gradient, 
but the surface is generally rocky and bowlder strewn. The rest of the town- 
ship is traversed by the rounded summits of the Capitan Mountmns, which are 
cut by Capitan Pass. The township is comparatively inaccessible for stock, and 
therefore has not been badly overgrazed. 

Settlers in the southern part haul water from sec. 35, to which point it has 
been conveyed by troughs a distance of 2 miles, from the foot of the Capitan 
Mountains. Several attempts have been made to get water by sinking wells, and 
on sec. 31, at a depth of 100 feet, a supply was obtained, which subsequently 
failed. 

There has been considerable culling for railroad ties in the northwest portion 
of this township, and in sees. 35 and 36 several years ago there was culling for 
fuel for the supply of Fort Stanton. The forests are mixed, and the estimated 
stand is the heaviest in the reserve. 
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Stand of trees in T. 8 S., R, 16 E, 

Ck>rd8. Feet B. M. 

Yellow pine 32,917,000 

Red fir 11,970,000 

White fir 2,993,000 

Mexican white pine 11,970,000 

Pifion 23,400 

Jumper 11,700 

Cedar 3,900 



Total 39,000 59,850,000 

Conditions of timber trees in T, 8 S., R. 16 E. 

Average total height feet.. 50 

Average height, clear do... 14 

Average diameter, breastrhigh inches. . 12 

Dead, woodland percent.. 10 

Dead, timber trees do. . . 1 

Diseased do... 1 

Average age years. . 80 

Reproduction Good. 

Township 8 South, Banoe 16 East. 

This township is mountainous and rugged. The sharp backbone of the 
Capitan Mountains divides it into equal parts, which drain north into Carrizo 
Creek through numerous small canyons and south into Salado Creek. The 
mountains of this range reach their highest elevation, over 10,000 feet, in sec. 15. 
At the higher elevations, mainly on the north slope, are numerous small springs, 
and in sec. 34 is a spring which is being used in sees. 3 and 10, T. 9 S., R. 16 E., 
and supplies sufficient water for 200 head of cattle and for two ranchers. The 
grazing value of this township is good. About fifteen years ago several small port- 
able sawmills operated on the north slope and culled from the principal canyons. 

Stand of trees in T. 8 S.y R. 16 E. 

Cords. Feet B. M. 

Yellow pine 34,252,000 

Red fir 11,417,000 

White fir 2,854,000 

Engelmann spruce 5, 709, 000 

Mexican white pine 2, 854, 000 

Pifion 5,400 

Juniper 6, 750 

Cedar 1,:^50 



Total 13,500 57,086,000 
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Conditions of timber trees in T. 8 S., R. 16 E, 

Average total height feet.. 40 

Average height, clear do. . . 8 

Average diameter, breaflt-high inches. . 8 

Dead per cent. . 10 

Diseased do. . . 3 

Average age years. . 60 

Reproduction Very good. 

Township 8 South, Range 17 East. 

This township includes the eastern portion of the Capitan Mountains and is 
exceedingly rough and broken. It has not been overgrazed by cattle, because of 
its comparative inaccessibility. At higher elevations in all canyons there is run- 
ning water in small quantities. In the northern portion there has been some 
culling of the woodland for fuel. 

Stand of trees in T, 8 S., B. 17 E. 

Cords. Feet B. M. 

Yellow pine 18,060,000 

Red fir 7,525,000 

White fir 1,505,000 

Engelmann spruce 1, 505, 000 

Mexican white pine 1, 505, 000 

Pinon 6,000 

Juniper 9,000 

Cedar 9,000 

Oak 6,000 



Total 30,000 30,100,000 

Coyiditicnis of timber trees in T. 8 S,j R. 17 E. 

Average total height feet. . 40 

Average height, clear do 10 

Average diameter, breast-high inches. . 9 

Dead per cent. . 10 

Diseased do 3 

Average age years. . 55 

Repro<luction Very good. 

Township 8 South, Range 18 East. 

The surface along the western boundar}- is very rugged and precipitous, 
marking the abrupt termination of the Capitan Mountains. In the central por- 
tions the gradient is very gentle, while in the eastern areas are limestone hills, 
cut by small canyons to a depth of about 150 feet. The drainage is eastward by 
Cedar Canyon and its numerous smaller tributaries, all of which are intermittent. 
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There are numerous wells and springs on settled lands. There has \)een consid- 
erable culling all over the woodland; in fact, the majority of the settlers have 
for years earned their livelihood by hauling cordwood to Roswell, a distance 
of 50 miles, where there is an increasing market for fuel and fencing. The 
grazing value is low, owing to overstocking. 

Stand of trees in T. ^ S., R. 18 E. 

Cordfl. Feci B. M. 

Yellow pine 2,465,000 

Pifion 19,600 

Juniper *. 14, 700 

Oak 14,700 



Total 49,000 2,465,000 

Conditions of timber trees in T. S S., R. 18 E. 

Average total height feet. . 40 

Average height, clear do 10 

Average diameter, ])reast-high inches. . 10 

Dead per cent. . 3 

Diseased do 1 

Average age years. . 70 

Reproduction, woodland Very good. 

Reproduction, yellow pine Medium. 

Township 9 South, Range 10 East. 

This township is a gently rolling plain from which rise two of the three hills 
known as Tres Cerros. These three hills are nearly equidistant, mnge due north 
and south, and are a prominent feature of the landscape. The drainage is westward 
toward the Malpais. At the head of Canyon del Agua is the only perpetual 
flow of water in the township. The plain is the southern extension of Carrizozo 
Flats and has been badly overgrazed by both cattle and sheep. 

SUind of trees in T. 9 X, R. 10 E. 

Cords. Feet B. M. 

Yellow pine 200,000 

Pifion I,a50 

Cedar 450 



Total 1,500 200,000 

Conditions of timber trees in T. 9 S.y R. 10 E. 

Average total height feet. . 35 

Average height, clear do 10 

Average diameter, breast-high inches. . 8 

Dead per c^nt. . 1 

Average age years. . 60 

Reproduction Medium. 
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Township 9 South, Range 11 East. 

This township covers in part the northern end of the Sien*a Blanca and 
has a very rough and broken surface. At the higher elevations are several small 
perpetual streams, which become intermittent before reaching the adjoining plains. 
The grazing value is good. There has been some culling for saw logs in Nogal 
Canyon, near the eastern boundary. 

Stand of trees in T. 9 >S'., R. 11 E. 

Ck)rd.s. Feet B. M. 

Yellow pine 4,720,000 

Red fir 1,180,000 

Pinon 7, 250 

Juniper 4, 350 

Cedar 2,900 



Total 14,500 5,900,000 

Conditions of timber trees in T. 9 S.j R. 11 E. 

Average total height feet. . 60 

Average height, clear do 12 

Average diameter, breaat-high inches. . 12 

Dead per cent. . 2 

Diseased do 1 

Average age years. . 70 

Reproduction Good. 

Township 9 South, Range 12 East. 

This irregular township is unsurveyed, but is assumed to be of about the 
same area as the irregular townships on the north and south. It covers in part 
the foothills of the Sierra l^lanca and drains easterly into Nogal Canyon. The 
southern portion .supports neither woodland nor forest, but is good grazing land. 

Stand of tre^ in T. 9 S,, R. 12 E. 

Cords. Feet B. M. 

Yellow pine 432, 000 

Red fir 48,000 

Piilon 2,700 

Juniper 1, 350 

C«dar 450 



Total 4,500 480,000 

Conditions of timber trees in T. 9 S., R. 12 E. 

Average total height feet. . 50 

Average height, clear do 12 

Average diameter, breast-high inches. . 10 

Average age years. . 60 

Reproduction Good. 
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Township 9 South, Range 13 East. 

The surface of this township, while not strictly a mesa, generally goes by that 
name. It is rolling, with an easy gradient toward the east, and is cut by numerous 
arroyos, which drain into Salado Creek or Nogal Canyon. A plentiful supply of 
good well water has been obtained in the southern portions. 

Stand of trees in T. 9 .V., R. IS E. 

Corda. Feet B. M. 

Yellow pine 160,000 

Pifton 21,250 

Juniper 12, 750 

Cedar 8,500 



Total 42,500 160, QpO 

Conditions of timber trees in T. 9 S.y R. IS E. 

Average total height feet. . 40 

Average height, clear do. . 12 

Average diameter, breast-high inches. . 8 

Dead per cent. . 1 

Average age years. . 50 

Reproduction Poor. 

Township 9 South, Range 17 East. 

This township has not a very steep gradient, as it includes the long spurs 
from the Capitan Mountains. The surface is generally rocky and bowlder strewn. 
The drainage is by numerous arroyos, which are tributary to Bluewater Canyon. 
The township is being grazed, principally by goats. There has been some culling 
in the woodland of sees. 8, 13, 17, 20, 28, 29, and 33 for fuel and fencing. 

Stand of trees in T. 9 S., R. 17 E. 

Cords. Feet B. M. 

Yellow pine -. 3,480,000 

Pifion 7,200 

Juniper 14, 400 

Cedar 10,800 

Oak l,8i)0 

Other species 1 , 800 



Total 36,000 3,480,000 

Conditio7is of timber trees in T. 9 S. , R. 17 E, 

Average total height feet. . 35 

Average height, clear do 10 

Average diameter, breast-high inches. . 10 

Average age years. . 65 

Reproduction Good. 
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Township 9 South, Range 18 East. 

The surface is mainly a series of limestone hills cut by dry canyons, which 
in the eastern part are 100 to 200 feet deep. The drainage is eastward by 
Bluewater Canyon and its numerous tributaries, all of which are intermittent. 
An abundance of good water has been found at a depth of 4 feet in sec. 16. 
The grazing value is low, owing to overstocking. All of the western portion 
has been culled for fuel and fencing, which was marketed at Roswell. 

Stand of trees in T. 9 S., R. 18 E. 

Cords. 

Juniper 1 3, 500 

Cedar 2, 700 

Oak , 8,100 

Other species ^ 2, 700 



Total 27, 000 

Township 10 South, Range 9 East. 

The surface is broken by a long and partly detached spur from the Sierra 
Blanca, the highest point being 7,000 feet elevation, or nearh^ 2,000 feet above 
the surrounding plain. The western and southeastern portions are nearly level. 
The entire township has been badly overgrazed by cattle and sheep, and at the 
present time has a very low grazing value. There is no timber, and the only 
woodland is a small area in the northeastern portion. 

Stand of trees in T. 10 S., R, 9 E. 

Cords. 
Pifion 250 

Cedar 250 

Total 500 

Township 10 South, Range 10 East. 

The southwestern portion of this township is a nearly level drainage basin 
of one of the bi'anches of Three Rivers. The rest is rough, being broken by 
spurs and foothills from the Sierra Blanca. The flow of Three Rivers is perpetual 
for about 2i miles in this township. The grazing value is low, owing to over- 
grazing by cattle and sheep. 

Stand of trees in T. 10 S., R. 10 E. 

Cords. Feet B. M. 
Yellow pine 44, 000 

Engelmann spruce 396, 000 

PiHon 3,250 

Juniper 650 

Cedar 1,300 

Oak 1,300 



Total 6,500 440,000 
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Conditions of timber trees in T. 10 *S'., R. 10 E. 

Average total height feet. . 40 

Average height, clear (yellow pine) do U 

Average diameter, breast-high inches. . 10 

Average age years. . 70 

Reproduction Poor. 

Township 10 South, Range 11 East. 

This township has a very high relief, as it includes the northern summits of 
the Sierra Blanca, the highest mountains in this portion of New Mexico. Although 
it does not support as great a stand of timber as other townships in the reserve, | 
in respect of drainage it is perhaps the most important. All the streams are 
perpetual within the township, and two — Rio Bonito and Rio Ruidoso — are perpet- 
ual throughout their length and are important for irrigation. The grazing value 
is high, as the area lias never been overstocked. 

Above 9,000 feet the Engelmann spruce is gradually dying out. There have 
been seveml burns on the eastern slopes, and the litter which has resulted is 
now a menace to the standing forest. For the foregoing reasons this township 
deserves a more careful patrol than any other within this reserve. 

Stand of trees in T. 10 S., R. 11 K 

(k>rd8. Feet B. M. 

Yellow pine 10,194,000 

Reti fir 4,078,000 

White fir 8,155,000 

Engelmann spruce 14, 271, 000 

Mexican white pine 4, 077, 000 

Pifion 80 

Juniper 80 



Total 160 40,775,000 

Conditions of timber trees in T. 10 >S'., R. 11 K 

Average total height feet. . 40 

Average height, clear do 11 

Average diameter, breast-high * inches. . 10 

Dead (principally spruce) per cent. . 20 

Average age years. . 70 

Reproduction Medium. 

Township 10 South, Range 12 East. 

This is an irregular, partly surveyed township containing less than seven sec- 
tions. It covers a portion of the steep and broken slopes of the Sierra Blanca and 
is drained by the Rio Bonito and Eagle Creek. It has all been grazed, but not 
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overstocked. Eight years ago there was jsome culling of logs for lumber in sec. 1 
along Kraut Gulch, a tributary of the Rio Bonito. 

Stand of trees in T. JO S., R. 12 E. 

Feet B. M. 

Yellow pine 2, 232, 000 

Red fir 1,116,000 

. White fir 1 , 116, 000 

Mexican white pine 1,116,000 

Total 5,580,000 

Condiiions of timfjer trees in T. 10 *S'., R. 12 E. 

Average total height feet. . 45 

Average height, clear do 10 

Average diameter, breagt-high inchei*. . 10 

Dead per cent. . 2 

Average age years. . 70 

Reproduction ■. Gooil. 

Township 10 South, Kan(;k i:^ East. 

The surface of the western part is )>old, consisting of spurs from the Sierra 
Blanca, flattening in the eastern part into a geneml mesa-like surface, which is cut by 
three streams and their tributaries. The drainage is by the Rio Bonito, a perpetual 
stream, and by Little and Eagle creeks, which are intermittent, all draining eastward. 
About ten years ago some portable sawmills operated in all the principal canyons, 
and the methods of logging were wasteful. A sawmill of small capacity is now 
located in sec. 81 and supplies the local demand. The grazing value is good in the 
western portions of this township, but the central and eastern portions have been 
badly overstocked. 

Stand of trees in T. 10 S., R. IS E. 

Cords. Feet B. M. 

Yellow pine 14, 895, 000 

Reil fir 827, 000 

Whiti' fir : 828, 000 

Piilon 15, 300 

Junii)er 13, (J(X) 

Cedar 3, 400 

Oak 1 , 700 



Total 34,000 16,550,000 

9974— N(\ 33—04 3 
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Condition of timber treen in T. 10 >S'., R. 13 E, 

Average total height feet. . 50 

Average height, clear do 10 

Average diameter, breast-high inches. . 10 

Dead per cent. . 5 

Diseased do 1 

Average age years. . 65 

Reproduction Good. 

Township 10 South, Range 14 East. 

The eastern portion of this township is cut by two canyons 150 feet deep, 
through which flow Little and Eagle creeks, but in the central and western 
portions are extensive mesas, which are covered with a luxuriant growth of 
black gramma grass. The drainage is bj^ Little and Eagle creeks, which are 
intermittent, and by the Rio Bonito, which is perpetual. The entire township lias 
been overstocked for years, and the grazing value is low. The denudation of the 
surface has permitted the cutting of numerous water runs and gullies. 

Stand of trees in T. 10 S., R. 14 E. 

Cords. Feet B. M. 

Yellow pine ^ 180, 000 

Pinou 15.400 

Juniper 17, 325 

Cedar 5, 775 



Total 38,500 180,000 

Conditions of timber trees in T. 10 *S'., R. 14 E. 

Average total height feet. . 45 

Average height, clear do 10 

Average diameter, breast-high inches. . 9 

Dead per cent. . 3 

Diseased do 1 

Average age years. . 55 

Reproduction Medium. 

Township 10 South, Range 16 East. 

The greater portion of the surface is composed of limestone hills which are 
cut by canyons over 100 feet deep. The drainage is by the Rio Ruidoso, a perpetual 
stream, and b}- Little and Eagle creeks, which are intermittent. Springs and 
wells in sees. 9 and 34 furnish an abundance of water for domestic purposes and 
for the herds of goats which are raised in this vicinity. The northern portion of 
this township is t)eing rapidly culled for fuel, which is marketed at the marine 
hospital at Fort Stanton. It was the former custom to remove only the dead 
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wood, but much of the living woodland was included in the recent cuttings* The 
gi*azing value is low, owing partly to the rock-strewn, eroded surface and parti}' 
to overstocking. 

Stand of iree^ in T, 10 S., H. 15 E. 

Cords. Feet B. M. 

Yellow pine 85, 000 

Red fir 4,000 

Pinoii 36,300 

Juniper 18, 150 

Cedar «,050 



Total 60,500 89,000 

Conditions of timber trees in T. 10 >S'., R 15 E. 

Average total height feet. . 45 

Average height, clear do 10 

Average diameter, breast-high inches. . 8 

Dea<i lK»r cent. . 2 

Average age years. . 50 

Repnxluction Po<jr. 

Township 11 South, Range 9i East. 

This irregular township includes a portion of the valle}' of Three Rivers, 
which is bordered on the north by high, rocky escai'pments known m the '' Pali- 
sades" and on the south by rolling and mesa lands. About 3,000 acres of bottoms 
along the "river'' bed are arable, of which 11 per cent is in cultivation, the 
rest being covered in part with groves of walnut, box elder, and ash. Accord- 
ing to testimony the stream was formerl}' perpetual, but is now intermittent 
in and west of this township. The whole township has been overgrazed, and 
its value now is low. There has been some slight culling for fuel among the 
deciduous trees. 

Stand of trees in T. 11 S., R. 9i E. 

Cords. 

Oak 150 

Walnut 1, 500 

Box elder 1, ;iOO 

Ash 50 



Total 8, 000 

Township 11 South, Range 10 P2ast. 

The eastern portion is mountainous, changing gradually westward into roll- 
ing and mesa lands. A branch of Three Rivers cros.ses the northern portion 
and is perpetual for the greater part of its length. Other valleys and arroyos 
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Condiliom of timber trees in T. 11 S., R. 11 K 

Average total height ; feet. . 45 

Average height, clear do 7 

Average diameter, breast-high inches. . 8 

Dea<l per cent. . 5 

Diseased do 1 

Average age years. . 60 

Reproduction Crood. 

Township 11 South, Range 13 East. 

The western third of this township covers steep slopes of the Sierra Blanca. 
The rest has an cas}" gradient toward the southeast and is drained by the Rio 
Ruidoso, a perpetual stream. A water-power sawmill of small capacity' was oper- 
ated in sec. 26 about sixteen years ago, but most of the logging for its supply 
w^as done on the Mescalero Apache Indian Reservation. The western portion of 
this township is a favorite resort for campers and health seekers. The grazing 
value is good. 

SUmd of trees in T. 11 S., /?. 13 E. 

Cords. FeetB. M. 

Yellow pine 32, 371 , 000 

Red fir 1,704,000 

Piilon 10,200 

Juniper 3.400 , 

Cedar 3,400 



Total 1 7, 000 34, 075, 000 

Conditions of timlter trees in T. 11 S.^ R. IS E. 

Average total height feet. . 50 

Average height, clear do 12 

Average diameter, breast-high inches. . 10 

Dead, principally woodland per cent. . 3 

Diseased do 1 

Average age years. . 65 

Reproduction Very good. 

Tow^NSiiiP 11 South, Range 14 East. 

The surface is high, rolling, rather bold, and t)ounded on the south by high 
mesas which are cut by numerous small arroyos and some unimportant canyons. 
The drainage is mainly into the Rio Ruidoso. There has been a small amount 
of culling in the woodland for the domestic use of settlers. The grazing value 
is medium. At present the range is being used for cattle and goats; in the past 
it has beeii badly overstocked. 
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Stand of trees in T. 11 S., R. U E. 

Cords. Feet B. M. 

Yellow pine 8,092,000 

Red fir 449,000 

White fir 449,000 

Pifion 52,800 

Juniper 26, 400 

Cedar 8,800 



Total 88,000 8,990,000 

(.\>nditiom of timber tree^ in T. 11 >S'., R. 14 K. 

Average total height feet. . 50 

Average height, clear do 11 

Average diameter, breast-high inches. . 10 

Dead per cent.. 3 

Disease^l do 1 

Average age years. . 70 

Reproduction V^ery good. 

Township 11 South, Range 15 East. 

The surface is interrupted hy limestone hills, which in the northern portion 
of the township are badly cut by dry canyons from 100 to 200 feet deep. 
Toward the head of the canyons in the southern portion the surface has a 
more easy gradient. The drainage is northward into the Rio Ruidoso by numer- 
ous dry canyons. The grazing value is good, as the land has not been Imdly 
overstocked, owing, perhaps, to the lack of water. 

S^and of trees in T. It S., R. 15 E. 

Chords. Feet B. M. 

Yellow pine 6,042,000 

Red fir 318,000 

Pinon 48,600 

Juniper 16, 200 

Cedar 16,200 



Total 81,000 6,360,000 

Conditions of timfper trees in T. 11 /S'., R. 15 E. 

Average total height feet. . 50 

Average height, clear do 12 

Average diameter, l)rea8t-high inches. . 10 

Dead per cent. . 3 

Disea8e<l do 2 

Average age years. . 70 

Reproduction Mediunrj. 
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Township 12 South, Range 10 East. 

The east half is rouj^h and mountainous; the west half slopes gently toward 
the Malpais. There are no perpetual streams, and only one well, in sec. 8, which 
is used as a watering station for cattle. The supply is small and of inferior 
quality. The land has l>een grazed by both cattle and sheep. There is no timber, 
and the woodland is a very scattering growth in the southeastern part of the 

township. 

SUmd of trees in T. 12 S., R. 10 i?. 

Conis. 

Piilon 1 , 200 

Ce<lar.... 800 



Total 2, 000 

Township 12 South, Range 11 East. 

The western portion includes, in part, one of the high spurs of the Sierra 
Blanca. The eastern portion lies in the nearly level basin of the Rinconada, an 
intermittent ^^tream which flows westerly toward the Malpais. The stream flows 
in sec. 85, but the water is of very poor quality. The overgrazing by sheep and 
cattle has contributed to the loosening of the top soil, which the freshets are 
eroding rapidly. There has been some culling for fuel. 

SUind of trees in T, 12 *9., R, 11 E, 

Cords. Feet B. M. 

Yellow pine 2,772,000 

Red fir 308,000 

Pinon 8,750 

Juniper 5, 250 

Ce<lar 3,500 



Total 17,500 3,080,000 

Conditions of timber trees in T, 12 *S'., R. 11 K. 

Average total height feet. . 35 

Average height, clear do 8 

Average diameter, breast-high inches. . 7 

Dead per cent . . 3 

Diseased do 1 

Repro<hiction Poor. 

Township VI South, Ran(;e 12 East. 

The southern termination of the Sierra BlancH runs into this township and 
makes the topograph}^ very rough and rocky. The higher elevations are timber- 
less, and the streams are all intermittent. There has been slight culling of fuel 
for domestic use, and several years ago there was some culling of yellow-pine 
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logs for a sawmill located in T. 11 S., R. 13 E. It is all good grazing land, and 
it«5 value for this purpose is high, as the greater portion has not been badly 
overstoi^ked. 

:<tantl of trees in T, 1^ S., R, 12 K 

CordH. Feet B. M. 

Yellow pine 9, 058, 000 

Reci fir 1,294,000 

White fir. 2,588,000 

Pinon 13,650 

Jiinil>er 9,100 

C4h1 a r 4 , 550 

Oak 18,200 

Total 45,500 12.940,000 

Conditions of timber trees in T. lii <S'., R. l;i K. 

Average total height feet. . 50 

Average height, dear do 11 

Average iliaineter, breant-high inchet?. . 12 

Dea*! jier eent . . 2 

DiwastMl do 1 

Average age years. . 75 

Repnxhu-tion Very jK^or. 

Township 13 Solth, Range lo East. 

Except along the west boundary, this township has a very broken surface. 
It has been ruined by overgnizing. There is a well and windmill in see. 2, and 
in sec. 32 is a perpetual spring, but the water in l>oth is very poor. There is 
no timber, and only a very scattering growth of woodland on the eastern portion. 

^\(iw\ of tre>'st in 7\ IS K, R. 10 E. 

Cord8. 

Pifion 1.800 

Cedar 1,200 

Total 3, 000 

Township 13 South, Kan(je 11 East. 

This township comprises }>roken hills of limestone and gypsum, cut by the 
narrow valleys of the Rio Tularosa and Arroyo Rinconada, the latter an intermit- 
tent stream. The surface is rough. The township has all )>een sheeped, and its 
grazing value is only medium. There has been some culling of fuel in the 
woodland. 

stand nf trecx in T. IS iS., R. 11 K. 

Cords. 

Pinon 24,700 

Cellar 13,300 

Total :«,000 
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Condition of timber trees in T, 10 S., B. 13 E. 

Average total height feet. . 50 

Average height, clear do 10 

Average diameter, breast-high inches. . 10 

Dead per cent. . 5 

Diseased do 1 

Average age years. . 65 

Reproduction Good. 

Township 10 South, Range 14 East. 

The eastern portion of this township is cut by two canyons 150 feet deep, 
through which flow Little and Eagle creeks, but in the central and western 
portions are extensive mesas, which are covered with a luxuriant growth of 
black gramma grass. The drainage is by Little and Eagle creeks, which are 
intermittent, and by the Rio Bonito, which is perpetual. The entire tow^nship has 
been overstocked for years, and the grazing value is low. The denudation of the 
surface has permitted the cutting of numerous water runs and gullies. 

Stand of trees in T. 10 S., R. U E. 

Cords. Feet B. M. 

Yellow pine ^ 180, 000 

Pinon 15.400 

Juniper 17, 325 

Cedar 5, 775 



Total 38,500 180,000 

Conditions of timber trees in T. 10 S., R. U E. 

Average total height feet. . 45 

Average height, clear do 10 

Average diameter, breast-high inches. . 9 

Dead : i>er cent. . 3 

Diseased do 1 

Average age years. . 55 

Reproduction Medium. 

Township 10 South, Range 16 East. 

The greater portion of the surface is composed of limestone hills which are 
cut b}' canyons over 100 feet deep. The drainage is by the Rio Ruidoso, a perpetual 
stream, and b}' Little and Eagle creeks, which are intermittent. Springs and 
wells in sees. 9 and 34 furnish an abundance of water for domestic purposes and 
for the herds of goats which are mised in this vicinity. The northern portion of 
this township is being mpidly culled for fuel, which is marketed at the marine 
hospital at Fort Stanton. It was the former custom to remove only the dead 
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wood, but much of the living woodland was included in the recent cuttings. The 
grazing value is low, owing partly to the rock-strewn, eroded surface and partly 
to overstocking. 

Stand of trees in T. JO S.y R. IS E. 

C^rds. Feet B. M. 

Yellow pine 85, 000 

Red fir 4,000 

Pifion 86,300 

Juniper 1 8, 150 

Ceclar 6, 050 



Total 60, 500 89, 000 

Conditions of timber trees in T. 10 >S'., R 15 E. 

Average total height feet. . 45 

Average height, clear <lo 10 

Average <lianieter, l)reast-high inches. . 8 

Dea<l l>er cent . . 2 

Average age years. . 50 

Reproduction Poor. 

Township 11 South, Range i>i East. 

This irregular township includes a portion of the valley of Three Rivers, 
which is bordered on the north by high, rocky escarpments known as the "Pali- 
sades'- and on the south by rolling and mesa lands. About 3,000 acres of bottoms 
along the "river-' bed are arable, of which 11 per cent is in cultivation, the 
rest being covered in part with groves of walnut, box elder, and ash. Accord- 
ing to testimony the stream was formerly i>erpetual, but is now intermittent 
in and west of this township. The whole township has been overgrazed, and 
its value now is low. There has been some slight culling for fuel among the 
deciduous trees. 

Stand of trees in T. 11 S., R. Pj E. 

Conls. 
Oak 150 

Walnut 1, 500 

Box elder 1 , :iOO 

AbH 50 



Total 8, 000 

Township 11 South, Rangk 10 East. 

The eastern portion is uKmntainous, changing gradualh' westward into roll- 
ing and m(\sa lands. A branch of Three Rivers crosses the northern portion 
and is perpetual for the greater part of its length. Other valleys and arroyos 



36 FOREST CONDITIONS IN LINCOLN RESERVE, NEW MEXICO. 

liave intermittent flows. The grazing value is medium, but the western part has 

been sheeped. 

Stand of trees in T. 11 S., R. 10 E. 

CordH. Feet B. M. 

Yellow pine 3, 458, 000 

Red fir 1,482,000 

Pinon • 1,400 

Juniper 350 

Cedar 350 

Walnut 700 

Box elder 630 

Oak ... 70 



Total 3,500 4,940,000 

CoiiditioiiJft iif timber trees in T. 11 »S'., JR. 10 E, 

Average total height feet. . 45 

Average height, clear do ... . 8 

Average diameter, breast-high inches. . 10 

Dead per cent. . 1 

Average age years. . 65 

Reproduction Good. 

Township 11 South, Range 11 East. 

The following description and estimates include a strip of land which, when 
surveyed, may be known as T. 11 S., K. 12 E. The entire area is at present 
within the Mescalero Apache Indian Reservation. It includes the highest area 
in southe^astern New Mexico, and at Sierra Blanca reaches an elevation of 
11,882 feet. It is the highest point on the divide between the Rio Pecos and the 
basin of the Malpais, and from it radiate several small but important streams. 
It includes, together with the township bordering it on the north, the most 
important watershed of the region. It has all been sheeped, but fortunateh'^ not 
to great excess, and its gi-azing value is still good. 

Stand of trees in T. 11 S., R. 11 E, 

Cords. Feet B. M. 

Yellow pine 4,764,000 

Red fir 3,573,000 

White fir 7,146,000 

Engelinann spruce 7, 146, 000 

Mexican white pine 1 , 191 , 000 

Pifion 700 

Oak 3,500 

Other Hpecies 2, 800 



Total 7,000 23,820,000 
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Conditiom of timber trees in T, 11 S., B. 11 E. 

Average total height ; feet. . 45 

Average height, clear do 7 

Average diameter, breaet-high inches. . 8 

Dead per cent. . 5 

Diseased do 1 

Average age yearn. . 60 

Reproiluction Good. 

Township 11 South, Range 13 East. 

The western third of this township covers steep slopes of the Sieri-a Blanca. 
The rest has an easy gradient toward the southeast and is drained by the Rio 
Ruidoso, a perpetual stream. A water-power sawmill of small capacity was oper- 
ated in sec. 20 about sixteen years ago, but most of the logging for its supply 
was done on the Mescalero Apache Indian Reservation. The western portion of 
this township is a favorite resort for campers and health seekers. The grazing 
value is good. 

S^nnd of /mv< in T. 11 S'., i?. 13 E. 

Cords. Feet B. M. 

Yellow pine 32, 371, 000 

Re<l fir 1,704,000 

Piilon 10,200 

Juniper 3.400 , 

Cedar 3, 400 



Total 17, 000 34, 075, 000 

Conditions of timber trees in T. 11 *S'., R, 1,3 K. 

Average total height feet. . 50 

Average height, clear do 12 

Average diameter, breast-high inches. . 10 

Dead, principally woodland i>er cent. . 3 

Disease<l do 1 

Average age years. . B5 

Reproduction Very good. 

Township 11 South, RanciK 14 East. 

The surface is high, rolling, rather bold, and t)ounded on the south l)y high 
mesas which are cut by numerous small arroyos and some unimportant canyons. 
The dniinage is mainly into the Rio Ruidoso. There has t>een a small amount 
of culling in the woodland for the domestic use of settlers. The grazing value 
is medium. At present the range is being used for cattle and goats; in the past 
it has ])een badlv overstocked. 
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Stand of trees in T, 11 S., R, U E, 

Cords. Feet B. M. 

Yellow pine 8,092,000 

Red fir 449,000 

White fir 449,000 

Piflon 52, 800 

Juniper 26, 400 

Cedar 8,800 



Total 88,000 8,990,000 

Conditions of timber trees in T. 11 S.y R. 14 E. 

Average total height feet. . 50 

Average height, clear do 11 

Average diameter, breast-high inches. . 10 

Dead per cent. . 3 

Diseased do 1 

Average age years. . 70 

Reproduction Very good. 

Township 11 South, Range 15 East. 

The surface is interrupted by liuiestone hills, which in the northern portion 
of the township are badly cut by dry canyons from 100 to 200 feet deep. 
Toward the head of the canyons in the southern portion the surface has a 
more easy gradient. The drainage is northward into the Rio Ruidoso by numer- 
ous dry canyons. The grazing value is good, as the land has not been badly 
overstocked, owing, perhaps, to the lack of water. 

Stand of trees in T. It S.y R, 15 E. 

Cords. Feet B. M. 

Yellow pine 6,042,000 

Red fir 318,000 

Pifion 48, 600 

Juniper 16, 200 

Cedar 16,200 



Total 81 , 000 (), 360, 000 

Conditions of timber trees in T. 11 >S\, R. 15 E. 

Average total height feet. . 50 

Average height, clear <lo 12 

Average diameter, breast-high inches. . 10 

Dead I>er cent. . 3 

Diseased do. . . 

Average age years. 

Reproduction Me<liurn 
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Township 12 South, Range 10 East. 

The east half is rouj^li and luountainous; the west half slopes gently toward 
the Malpais. There are no perpetual streams, and only one well, in sec. S, which 
is used as a watering station for cattle. The supply is small and of inferior 
quality. The land has been grazed })y l)oth cattle and sheep. There is no timber, 
and the woodland is a very scattering growth in the southeastern part of the 

township. 

Staml of trees in T. J J ,S'., R. 10 Z. 

Cords. 

Pinon 1 , 200 

Cedar SOO 



Total 2, 000 

Township 12 South, Kan<;e 11 Kast. 

The western portion includes, in part, one of tlie high spurs of the Sierra 
Blanca. The eastern portion lies in the nearly level basin of the Rinconada, an 
intermittent stream which flows westerly toward the Malpais. The stream flows 
in sec. 35, but the water is of very poor quality. The overgrazing by sheep and 
cattle has contributed to the loosening of the top soil, which the freshets are 
eroding rapidly. There has been some culling for fuel. 

Stand of trees in T. 13 S., /?. // E, 

Conla. Feet B. M. 

Yellow pine 2,772,000 

Red fir :^8,000 

Pifton 8,750 

Juniper 5, 250 

Cedar 3,500 



Total 17,500 3,080,000 

('(pnditions of timber trees in T. 1^ *S'., R. 11 K. 

Average total height fei't. . 35 

Average height, clear do 8 

A vemge diameter, breast-high inches. . 7 

Dead I)er cent . . 3 

Diseaseil do 1 

Repn Mlucti« m Poor. 

Township VI South, Ran(;e 12 East. 

The southern termination of tlie Sierra l^lanai runs into tliis township and 
makes the tojx)graphy very rough and rocky. The higher elevations are timl>er- 
less, and the streams are all intermittent. There has been slight culling of fuel 
for domestic; use, and several years ago there was some culling of yellow-pine 
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logs for a sawmill located in T. 11 S., R. 13 E. It is all good grazing land, and 
its value for this purpose is high, as the greater portion has not been badly 

overstocked. 

Stand of trees in T, lUf X, 7^. 1^ E, 

Ck)rd8. Feet B. M. 

Yellow pine 9, 058, 000 

Red fir 1,294,000 

White fir. 2,588,000 

Pifion 13,650 

Juniper 9, 100 

Cedar 4,550 

Oak 18,200 



Total 45,500 12,940,000 

Coiidiiions of timlter trees in T, IJH S.y R. iJi E. 

Average total lieight feet. . 50 

Average height, dear do 11 

Average diameter, breast-high inches. . 12 

Dead \\eT cent . . 2 

Diseased do 1 

Average age years. . 75 

Reproduction Very |>oor. 

Township 13 South, Range 10 East. 

Except along the west lx)undarv, this township has a very broken surface. 
It has been ruined by overgrazing. There is a well and windmill in sec. 2, and 
in sec. 32 is a i)er{)etual spring, but the water in both is verv poor. There is 
no timber, and only a very scattering growth of woodland on the eastern portion. 

Stand of trefs in T. IS X, IL 10 E. 

Hfion 1 , 800 

Cedar 1,200 



Total 3, 000 

Tow^xsHiP 13 South, Range 11 East. 

This township comprises broken hills of limestone and gypsum, cut by the 
narrow valleys of the Rio Tularosa and Arroyo Rinconada, the latter an intermit- 
tent stream. The surface is rough. The township ha« all }>een sheeped, and its 
grazing value is only medium. There has been some culling of fuel in the 

woodland. 

Stfwd of trees in T. JS S., R. 11 E. 

('ords. 

Pifion 24, 700 

Cedar 13,300 



Total 38,000 




o 
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Percentages of timfter-tree species hi mid adjacent to Lincoln Forest Reserve j New Mexico. 
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Township. 


Rangf. 


Yellow 
pine. 


Red fir. 


White fir. 


Engelmann . 
.spniee. 


Mexican 
while pine. 


7 south ........ 


i 

11 east ' . 








7 south 


1 12eaat... 

' 13oast... 

14 east... 

15 east... 

10 east... 

17east... 

1 11 east . . . 


30 

90 
100 
100 
100 
100 


70 
10 




7 south 




7 south 




7 south 





• 


7 south 






7 south 

8 south 





1 ! 


8 south 


12 east. . . 












8 south 


13 east...' 


1(X) 

100 

55 

00 

60 

100 

100 

80 

90 

1(K) 

100 


1 


8 south 


14 east 


20 
20 
25 


5 
5 
5 


1 

10 
5 




8 south 


1 i 
15 east 


20 


8 south 


1 
16 east... 


5 


8 south 


17 east 


5 


8 south 


18east...' 




9 south 


lOeast... 

11 east... 






9 south - 


20 
10 


1 


9 south 


' 12east... 


j 


9 south 


13 east... 








9 south 


17i»ast 






1 




9 south 


18 east... . 


.......... 








10 south 


9 east 












10 south 


10 east... 


10 
25 
40 
90 
100 
95 






90 : 

35 




10 south 

10 south 


11 east... 

12 east... 


10 

20 

5 


20 

20 

5 


10 
20 


10 south 


13 east... 




10 south 


14 east... 






10 south 


1 
15 east... 

9Jea8t...'. 


5 




11 south 




11 south 


10 east... 


70 
20 
95 
90 
95 


30 

15 

5 

5 

5 




11 south 

1 1 south 


11 east... 

13 east... 


30 


30 


5 


11 south 


14 east . . 


5 






1 1 south 


15 east... 

lOeast.... 






12 south 




12 south 


lleast...' 

12 east... 

lOeast... . 


90 
70 


10 
10 




12s<xith 

13 south 




13 south 


11 east - 






1 
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Stand and dximjication of limber in and adjacenl to Lincoln Forest Reserve^ Neiv yfexico. 



, Township. 



I I Average 

Range. : Total stand, ntand jkt 
! acre. 



7 south . . 
7 south . 
7 south.. 
7 south . - 
7 south . . 
7 south . . 

7 south . . 

8 south.. 
8 south . . 
8 south . . 
8 south.. 
8 south . - 
8 south . . 
8 south . . 

8 south . . 

9 south . . 
9 south . . 
9 south.. 
9 south.. 
9 south . . 

9 south.. 

10 south. 
10 south. 
10 south. 
10 south. 

' 10 south. 
10 south. 

10 south. 

11 south. 
11 south. 
11 south. 
11 south. 
1 1 south . 

1 1 south . 

12 south. 
12 south. 

12 south. 

13 south. 
18 south. 



11 east. 

12 east. 

13 east. 
Heast. 

15 east. 

16 east. 

17 east. 
11 east- 
12ea8t. 
]3east. 

14 east. 

15 east. 

16 east. 

17 east. 

18 east. 

10 east. 

11 east. 

12 east. 

13 east. 
17 east. 
18east. 

9 east.. 

10 east. 

11 east. 

12 east. 

1 3 east . 

14 east. 

15 east. 
9 J east. 

10 east. 

11 east. 

13 east. 

14 east. 

15 east. 

10 east. 

11 east. 

12 east. 
lOeast. 
1 1 east . 



Yellow pine. 



I 



Red fir. White rtr. '"'Trll^Jo"" 
spruce. 



MfeetB.M. \ Feet B. M. 



2,145 
10,900 

560 
2, 540 
1,120 

180 



M/eet B. M. \ M/eet B. M. M/eet B. M. M/cet B. M. 

I 



1,500 
1,222 
1,166 
1,984 
1,400 
500 



643 
9,810 

560 
2,540 
1,120 

180 



1,502 
1,090 



I 



510 

840 ! 

59,850 

57,086 , 

30, 100 j 

2,465 I 

200 I 

5,900 ! 

480 I 

160 I 

3,480 ! 



,xo ! 



500 

953 

4,661 

2, 623 

1,563 

1,185 

500 

1,046 

1,500 

500 

853 



510 j 
840 ' 
32,917 
34, 252 '■ 
18,060 
2,465 
200 
4,720 
432 
160 
3,480 



I 



11,970 

11,417 

7, 525 



1,180 
48 



I 



440 

40, 775 

5,580 

16, 550 

180 

89 



500 

2, 347 

1, 516 

1, 151 

500 

500 



4,940 

23, 820 

34,075 

8,990 

6,360 



1,:^7 
2, 282 
1,642 
1,208 
1,169 



44 

10, 194 

2, 232 

14, 895 

180 

85 



4,078 

1,116 

827 



3, 080 I 
12,940 ; 



770 
2,432 



3, 458 

4,764 

32,371 

•8,092 

6,042 



1,482 

3, 573 

1,704 

449 

318 



2,993 
2,854 
1,505 



5,709 
l,5a5 



I 



Mexican 
white pine. 



MfeetB.M. 



8,155 
1,116 

828 



396 
14,271 



7,146 



7,146 



449 



2, 772 

9,058 



Total.. I ' 336,335 



J. 



308 
1,294 



1,913 I 207,076 | 49,885 



2,588 I 



27,634 



29, 027 



11,970 
2,854 
1,505 



4,077 
1,116 



1,191 



22, 713 
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ClassiJiccUion of lands in ami adjacent to Lincoln Forent Re»erve^ Sew Mexico, 



Township. 



7 south . . 
7 south . . 
7 south . . 
7 south . . 
7 south . . 
7 south .. 

7 south . . 

8 south . . 
8 south .. 
8 south . . 
8 south . . 
8 south .. 
8 south . . 
8 south . . 

8 south . , 

9 south . . 
9 south . . 
9 south . . 
9 south . . 
9 south . 

9 south . . 

10 south . 
10 south . 
10 south . 
10 south . 
10 south . 
10 south . 

10 south . 

11 south . 
1 1 south . 
1 1 south . 
11 south . 
11 south . 

11 south . 

12 south . 
12 south . 

12 south . 

13 south . 
13 south . 



KaiiKe. 



1 east" 

2 east . 

3 east '> 

4 east . 

5 east . 

6 east ^ 

7 east ^ 

1 east" 

2 east . 

3 east ' 

4 east '' 

5 east . 

6 east . 

7 east . 

8 east'' 
.0 east . 

1 east . 

2 east . 

3 east'' 

7 east . 

8 east'' 
9 east . . 

east . 

1 east . 

2 east . 

3 east c 

4 east'' 

5 east'' 
^ east . 

ea.st '' 

1 east'' 

3 east '* 

4 east '' 

5 east '' 

(»ast . 

1 east'' 

2 east '' 

east . 

1 east . 



Total area. 



I 



TlnlborcHl vvi-xh^i ttr*.ft Burned ; Naturally tim- 
area. >><KKle<l area. ^^^^^ berlessarea. 



23. 046. 34 
3, 324. 84 

15,431 

23, 149. 92 

22, 984. 93 

15,357 

15, 450 

22,010.71 
4, 166. 24 

23. 079. 68 
13,461 

22, 893. 37 
23, 044. 50 

23, 147. 3H 
23, 145. 63 
23,041.(>6 
22,010.71 

4,166.24 
22,436.14 
21,982.78 
23,171.46 
23,011.37 j 
23,036.58 I 
22,010.71 : 

4,166.24 i 
22,802.54 I 
22, 824 I 
23,017.07 i 
15, 323. 76 ! 

23. 080. 72 I 
27, 200 

23, 058. 45 
23, 049. 36 

22, 887. 57 
21,631.23 

•21,000 

23, 540. 79 

21,8S6.82 



1,430 

8, 920 

480 

1,280 

800 

360 



1,020 

880 

12,840 

21,760 

19, 260 

2,080 

400 

5,640 

. 320 

320 

4,080 



880 
17,370 : 
3,680 
14,380 

179 I 

! 

3,640 ! 

10,440 

20, 750 

7, 443 

5, 440 

4,000 
5, 320 



Acres. 

4,140 

1,894.84 

6,511 
10,040 

6,360 
11,440 
13,850 

1,300 
400 
19, 379. 68 
12,581 
10, 053. 37 

1,284.50 

3, 887. 38 
21,065.63 

1,520 
10,100 

2,060 
16,616 
17,902.78 

9,691 
440 

6, 720 



Cultiva- 
ted area. 



Acres. 
18,906.;34 



12,629.92 
15, 344. 93 

3,117 

1,240 
20,710.71 

3, 76(>. 24 

2, 680 



920 



5, 470 
12,520 
22, 120. 07 
520 

7,100 

1,680 

2, 308. 45 
15, 60(). 36 
17,447.57 

7,000 
17,600 
13,520 
11,420 
21,886.82 



5<i0 



22,571.37 
15,436.58 
3,560.71 ; 

486.24 
2, 952. 54 ' 
9,944 I 

718 
14,803.76 I 
12,340.72 
14,520 



14,6,31.23 



2, KK) 
12, 120.79 



Acres. 



100 
60 
25 
80 

100 



80 
90 







40 


1 








20 






80 




21,121.66 






6, 270. 71 


60 




1, 786. 24 


40 




5,500.14 


369 
30 




13,480.46 


80 



182 
120 
30 
282 
2;«) 
1,000 

:i30 

100 



84 

400 

40 



Total 775, 628. 74 1 75, 752 :^5, 5<)6. 45 1 , 480 252, 800. 2^) 



45 

100 
4,197 



« Part of these townships projHwed to be eliminated, 
b A portion only of this township in the reserve. 



c* Portion in the reserve. Imlance in prr^posed addition. 
'/ Proj»ose<l additions to the reserve. 
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EsiimcUed cords of fuel in and adjacent to Lincoln Forent Reserve^ New Mexico, 



Township. 



Raiigo. 



7 south . . 
7 south . . 
7 south . . 
7 south . . 
7 south . . 
7 south -. 

7 soutli . . 

8 south . . 
8 south . . 
8 south . . 
8 south . . 
8 south . . 
8 south . , 
8 south . . 

8 south . . 

9 south . . 
9 south . . 
9 south . . 
9 south . . 
9 south . . 

9 south . . 

10 south . 
10 south , 
10 south . 
10 south . 
10 south , 
10 south . 

10 south . 

11 south 

1 1 south . 
11 south , 
1 1 south . 
1 1 south . 

11 south . 

12 south . 
12 south. 

12 south . 

13 south . 
13 south . 



Total . 



I 

2 east . . 

3 east .. 

4 east .. 

5 east . . 
.6 east . . 
7 east .. 

1 east . . 

2 east .. 

3 east .. 

4 east .. 

5 east . . 

6 east .. 

7 east - - 

8 east .. 

east . . 

1 east . . 
12 east .. 
3 east .. 
7 east . . 

[8 east . . 

9 east . . . 

east . . 

1 east .. 

2 east .. 

3 east . . 

4 east . . 

5 east .. 
9i east . . 

east . . 

1 east .. 

3 east . . 

4 east . . 

5 east .. 

east .. 

1 east .. 

2 east . . 

10 east .. 
1 east . . 



Total. 



Piflon. ' Juniper. 



Cordjf. 
8,000 

3,800 ; 

12,000 
30,000 
43,000 
64,000 I 
55,000 

1,000 
500 ; 
40,000 
66,000 I 
39,000 
13,500 I 
30,000 
49,000 

1,500 
14,500 , 

4,500 
42,500 j 

;^,ooo 

27.000 j 

500 I 

6,500 I 

160 ' 



Cords. 
4,000 
2,280 
5,400 
18,000 
19,350 
28,800 
27,500 
500 
250 
24,000 
39,600 
23,400 
5,400 
6,000 
19,600 ■ 
1,050 
7, 250 \ 
2,700 I 
21,250 I 
7,200 I 



Or)r<h. 

1,600 

1,140 

4,200 

9,000 

21,500 

28,800 

16,500 



250 
3,250 

80 



4,000 

19,800 

11,700 

6,750 

9,000 

14, 700 

i 

4,350 I 

1,350 

12, 750 

14,400 

13,500 



(Jedar. 


Oak. 


Other 
species. 


CortU. 
1,600 


Cords. 
800 


Cords. 


:«o 




1,800 
1,500 


600 
1,500 
2,150 
6,400 
8,250 













2,750 




500 




250 






to nru\ 








6,()00 
3,900 
1,350 
9,000 



650 
80 



450 
2,900 

450 

8,500 

10,800 

2,700 

250 
1,300 



6,000 
14,700 



1,800 
8,100 



1,300 



34,000 ' 15,300 
38,500' 15,400 
60,500 ! 36,300 

3,000 

3,500 

7,000 
17,000 
88,000 
81,000 

2,000 
17,500 
45,500 

3,000 
38,000 



13,600 I 
17, 325 j 
18, 150 I 



3,400 
5, 775 
6,050 



1,700 



150 



1,026,460 



1,400 

700 

10,200 

52,800 

48,600 

1,200 

8,750 
13,650 

1,800 
24,700 



350 



3,400 
26,400 
16,200 



350 



3,500 



497, 910 



5,250 
9,100 



305,545 



3, 400 
8,800 ' 

16,200 

800 ! 
3.500 
4,550 
1,200 j 

13,300 i 



1,800 
2,700 



2,850 
1,400 
2,800 



136, 3a5 



18,200 
















75, 150 


11,550 
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Abiefi concolor. See Fir, white. 
Abies laniocarpa. See Fir, Hubalpine. 
Acer negunda. See Box elder. 

Acer sacchanim graudidentatum. Sie Maple, large- 
tooth. 

Agriculture, e.xtent of 16, 21, 43 

For definite loealities, »te Townships. 
Alligator juniper. iSce Juniper, alligator. 

Altitudes in reserve 10 

Altitudinal range of timber species, limits of 11-15 

Altitudinal zones, limits of 11 

Ash, occurrence of 11,12 

Ash, black, rate of gn^wth of 15 

Ash, leather- leaf, occurrence of .' 15 

size of 15 

fi)r definite UmilHies, nee Townships. 

Aspen, altitudinal range of 11,14 

occurrence of 14 

reproduction of 14 

size of 14 

For definite V)calitie«, fee Townships. 
Black ash. See' Ash, black. 
Black walnut. See Walnut, black. 

Blackwater Canyon, po«<sible reservoir sites in 17 

Block ranch, irrigation on 17, 22 

Bluewater Canyon, pofi.«»ible reser\'oir sites in 17 

Bonito, N. Mex., gold near 19 

Boundaries of reserve, establishment of 9 t 

petitions for extension of 9-10 | 

Box elder, character of 15 I 

occurrence of 11, 12, 15 ! 

size of 15 I 

Ftr definite localities, set Townships. | 

Burers Canyon, irrigation from 17 . 

water of 17 

Bunied area, acreage and p^'rcentage of 18 

extent of, by townships 43 I 

Fitr df finite localitira, iue Townships. 

Capitan, N. Mex., coal near 11,19 ; 

Capitan Mountains, fires in is 

location and chanicter of 10 i 

view of 28 : 

Carrizo Creek, water of 17 ; 

Carrizi.) Creek tributary, irrigation f nmi 17 ' 

Carrizo IN'iik, elevation of 19 

Carrizozo, X. Mex.. wells at 17 

Carrizozo Flats, description of 23 

grazing on ♦ is 

Cedar, altitudinal range ot 11, l,*? 

character of 13 

cords of, by townshijM 44 

size of 13 

For df finite local itiri*, sft Townships, j 



Page. 

CopiKT, (x;currence of 19 

For definite localdiof, «c Townships. 

Cotttjnwood, altitudinal range of 11 

Cottonwood, Fremont, occurrence of 14 

view of 14 

Cottonwood, narrow-leaf, altitudinal range of 14 

occurrence of 14 

range of 14 

For definite Iwalitief, see Townships. 

Cultivated lands, area of, by townshii)8 43 

For definite localifity, ue Townships. 

Drainage, features of 10 

Eagle Creek, flow of 18, 34 

Elder, box. See Box elder. 

Elevations in reserve, character (»f 10 

Engelmann spruce. .S><" Spruce, Engelmann. 

Erosion, effects of 18 

effects of, views of 18, 24 

Establishment of re.*8erve, proclamation of 9 

Fir, red, altitudinal range of il 

percentage of 41 

rate of growth of 15 

size of 13 

stand of, by townships 42 

use of 16 

For definite localities, s*e Townships. 

Fir, white, altitudinal range of 11,13 

percentage of 13, 41 

rate of growth of 15 

size of 13 

stand of, by townships 42 

For definite localities, ste Townships. 

Fir, .subalpine, supposed occurrence of 13 

Fires, destructiveness of 18-19 

For definite localities, see T<»wnships. 

Forest conditions in rest^rve, account of 11-19 

thr dt finite localities, «r Townships. 

Forest zones, limits and character of 11-12 

Forests of reserve, chief value of 11 

Fraxinus velutina. Sfc A'ih, leather-leaf. 

Fremont (N)ttonw(KKl. Ste Cottonwood, Fremont. 

Fuel, cords of, by townships and by species 44 

Gambel oak. .S^rOak, Gamt>el. 

Grazing, destructiveness of 18 

ottiH-t of, view of 18 

extent of 18 
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THE DELAVAN LOBE OF THE LAKE MICHIGAN GLACIER OF 
THE WISCONSIN STAGE OF GLACIATION AND ASSOCIATED 
PHENOMENA. 



By William C. Alden. 



INTRODUCTION. 

The purpose of this paper is to throw, if possible, some further light on the 
relations which existed during the later stages of the Glacial epoch between the 
glaciers of southeastern Wisconsin, which have been so ably discussed by Dr. 
T. C. Chamberlin and other writers in various publications, and the glaciers of 
Illinois, which have received such exhaustive treatment by Mr. Frank Leverett in 
his recent monograph on the Illinois glacial lobe. 

So familiar are the students of Pleistocene geology with the work in the 
Wisconsin and Illinois fields that it is unnecessary to undertake at this time an 
exhaustive historical r^sum6 of the results attained, even if the space limitations 
of this paper would permit. The writer has been engaged during several seasons, 
under the direction of Dr. T. C. Chamberlin, in investigating the . Pleistocene 
deposits and associated phenomena of southeastern Wisconsin for the United 
States Geological Survey. The results of this investigation are to be embodied 
in a series of folios of the Geologic Atlas of the United States. A portion of 
these results are here presented for the lirst time. Whatever of value may 
pertain to these studies is due in very large measure to the intelligent direction, 
the kindly criticism, and the hearty cooperation of Dr. T. C. Chamberlin, with 
whom the writer has kept in close touch through personal conference and fre- 
(juent correspondence during the progress of the work. In the main, the writer 
is responsible for the field observations, for the final correlation of the details, and 
for this presentation. For correlations beyond the immediate area studied by the 
writer, previous publications have been freely drawn upon. There are also a 
large number of persons who have furnished information or assistance during 
the progress of the field work to whom the writer wishes to express his obligations. 

9 



10 DEL A VAN LOBE OF LAKE MICHIGAN GLACIER. 

It may be well to make brief mention concerning the names proposed for 
the several morainic belts discussed. Heretofore these have been grouped 
together under the general name "Kettle Range," or "Kettle moraine." The 
features grouped under one or both of these names have been defined by Prof. 
T. C. Chamberlin as follows : ^ 

^'^ Kettle Range, — The term 'Potash Kettle Range ^ has been popularly used to 
designate an extensive series of drift hills and ridges in eastern Wisconsin, whose 
full extent and relationship were unknown previous to the investigations of the 
present survey, and concerning the true nature and origin of which diverse opinions 
have been held. As the term ' Potash ' has no special significance in this connection, 
it will be discarded. The northern terminus of the range lies in the town of Casco, 
Kewaunee County. From this point it stretches away to the southwestward, 
through the counties of Manitowoc, Sheboygan, Fond du Lac, Waukesha, and into the 
northern portion of Walworth. At this point it divides, one portion extending 
southward, through the towns of Richmond and Darien, thence eastward to Lake 
Geneva, whence the main portion extends northeastward to the vicinity of Burlington, 
and then southward into Illinois. The other portion, branching from the main range 
in the town of Whitewater, about 20 miles north of the State line, extends westward 
to the Rock River, after crossing which it curves to the northward. * * *" 

After the definite recognition of two distinct stages of glaciation, a first and 
a second glacial epoch, the name "Kettle moraine" was given a more extended 
application, as shown by the following:* 

"77ie? Kettle moraine. — ^The most striking result of the second glacial advance was 
the production along the margin of the ice sheet of a great moraine, the most 
gigantic and remarkable yet known to characterize glacial action. It consists of a 
great ridged belt of drift disposed in grand loops along what was the glacier's margin. 
Its reentrant angles penetrated deeply between the adjoining lobes, marking their 
line of contact. That portion of the moraine which lay between, and was formed by, 
the joint action of the Green Bay and Lake Michigan glaciers constitutes a succession 
of irregular hills and ridges, locally known as the ' Kettle Range ' from the peculiar 
depressions which characterize it. As this was the first portion to receive systematic 
investigation and a specific determination of the true nature and method of its 
formation, and as this moraine will need a specific name to distinguish it from similar 
accumulations, the term ' Kettle moraine ' may fittingly be applied to it." 

Continuing, in a footnote, in the same connection. Professor Chamberlin says: 
" It should be remarked in this connection that there are two or more concentric 
moraines, constituting a belt, rather than a single moraine. These are often forced 
into contact and confusion, so that their distinct discrimination is impracticable, 
while at other points they are quite distinct, and separated by several miles distance. 
It is proposed to apply the name ' Kettle moraine ' to the outermost member, when 
clearly distinguishable, and to extend its use, or that of the term 'Kettle Range,' to 
the entire group where they are confused so as to be indistinguishable. The Kettle 

a Geol. Wiflconsln. vol. 2, 1877, pp. 205-206. fcOeol. Wisconsin, vol. 1, 1882, p. 275. 
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moraine, therefore, designates the morainic ridge produced by the extreme advance 
of later glaciation. Names for the inner moraines are not here proposed because, 
although distinguishable in Wisconsin, as indicated in Volumes II and III, the}' are 
displayed in greater distinctness and definition elsewhere, especially in Minnesota and 
Dakota, from some of the characteristic localities of which it is proper that fitting 
names should be selected, and such will be announced, if not sooner proposed, in 
connection with the results of the wider studies of the writer upon the fonnation 
now in progress.'' 

Thus far, with the exception of the Lake Border morainic system, these several 
inner belts have not been definitely correlated with those of neighboring States. 
In working out the details of the local geological history it is important that many 
of these features, such as the several momines of the small lobe under discussion, 
should be discriminated, but they have not an}' considerable geographic extent, 
and hence should be designated by local names, and these have been proposed 
where it seemed necessary. The same procedure has been followed in the dis- 
cussion of the several morainic members included by Professor Chamberlin under 
the name *' Kettle moraine" or '^ Kettle Range." That portion of the general 
morainic system which lies between and was formed by the joint action of the 
Green Bay and Lake Michigan glaciers is referred to descriptively in this j)aper 
as the ''interlobate Kettle moraine," it not being thought desirable at this stage 
of the investigation to propose a more definite name. 

For convenience of reference the following outline of the stages of glaciation 
and intervals of deglaciation thus far recognized by the United States Geological 
Survey is here inserted. This outline is modified from that given by Mr. Frank 
Leverett in his recent monograph on the ''Glacial Formations and Drainage Features 
of the Erie and Ohio Basins,"^ and is based upon the latest data from the studies 
of Prof. T. C. Chamberlin, Mr. Frank Leverett, and many other students of 
glacial phenomena. The principal modification consists in the substitution of the 
phenomena of the late Wisconsin drift sheets as developed in Wisconsin and 
Illinois for those represented in the Ohio district. 

Chitlhie of drift sfieets and intermis. 

1. Oldest recognize<l drift sheet, the Hub-Aftonian of Chamberlin, and perhaps the Albertan of 

r)aws»on. 

2. Firnt interval of deglaciation, Aftonian of Chamberlin. 
\\. Kansan drift sheet of the Iowa geologists. 

4. Second or Yarmouth interval of recesnion or deglaciation. 

5. Illinoian drift sheet. 

6. Third or Sangamon interval of recession or deglaciation. 

7. lowan (irift sheet and main loess deposit. 



" I/C'verett. Frank, The glacial formations and drainage features of the Erie and Ohio basins: Mon. V. S. Geol. 
Suney, vol. 38, 1899, pp. 21-22. 
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the Lake Michigan Glacier. 



12 DELAY AN LOBE OF LAKE MICHIOAN OLACIEB. 

8. Fourth or Peorian interval of recession or deglaciation. 

9. Early Wisconsin drift sheets, as represented in Illinois. 

a. Shelbyville morainic system. 

b. Champaign morainic system. 

c. Bloomington morainic system. 

d. Marseilles morainic system. 

(With one of these four morainic systems, possibly the third, is to be correlated the 
Marengo Ridge of western McHenry County, 111. ) 

10. Fifth interval of recession (unnamed), Fhown by shifting of the ice lobes. 

11. Late Wisconsin drift sheet, as represented in Illinois and in southeastern Wisconsin. 

a. Great bowlder belts and accompanying moraines, including, perhapn, the Minooka, III., 
till ridge. 

Genoa, Darien, Elkhoni, and other morainal deposits of 
the Delavan lobe of the Lake Michigan Glacier. 

Johnstown, Milton, Hebron, and certain other morainal 
deposits of the Green Bay Glacier. 

c. Lake-border morainic system. 

(No further correlations with the moraines of the Green Bay Glacier have yet been 
made. ) * 

d. Lake Chicago submergence, Glenwood stage. 

e. Emergence of plain covered by Lake Chicago. 

/. Partial resubmergence of the plain covered by Lake Chicago, Calumet stage. 
{f. Possible second interval of emergence. 

h. Partial resubmergence of the plain covered by Lake Chicago, Toleston stage, 
t. Present stage of Lake Michigan. 

DESCRIPTION OF THE AREA. 
GEOGRAPHIC RELATIONS. 

The area under discussion lies principally in southeastern Wisconsin, where 
it embraces Racine, Kenosha, and Walworth counties, and adjacent parts of Mil- 
waukee, Waukesha, Jefferson, Rock, and Dane counties, an area somewhat greater 
than 2,000 square miles. It includes also a small portion of northeastern Illinois 
adjacent to the State line. In this area are developed certain glacial phenomena 
which throw some light on the relations existing between the glaciers of Illinois 
and Wisconsin during the earlier and later advances of the Wisconsin stage of 
glaciation. The special feature of this discussion is the Delavan lobe of the Lake 
Michigan Glacier, which thrust itself out between the converging west front of 
the Lake Michigan Glacier and the south front of the Green Bay Glacier a dis- 
tance of 25 miles beyond the main west front of the Lake Michigan Glacier. 

On the one hand, this Delavan lobe was an integral pail of the I^ake Michi- 
gan Glacier of the late Wisconsin advance, and, on the other, the relations of 
its morainal and outwash deposits to those of the Green Bay Glacier appear to 
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GEOGRAPHIC RELATIONS OF THE AREA. 13 

estaV)lish beyond question the contemporaneity of the Lake Michigan and Green 
Bay glaciers in the occupancy of their outer terminal moraines. 

Thus the outer terminal moraine of this Delavan lobe, instead of being the 
northward continuation of the Marengo Ridge of the early Wisconsin series, as 
would appear from the statements of some writers, seems to cross the latter 
ridge near the west end of Lake Geneva in passing eastward to join the Valpa- 
raiso terminal morainic system of the main Lake Michigan Glacier in the region 
south of Burlington, Wis. 

GEOLOGICAL STRUCTURE AND PRE-GLACIAL TOPOGRAPHY. 

In order to understand the conditions of the development of this Delavan 
lobe and to fully appreciate the significance of the determinations of the litho- 
logical character of the drift, it is necessary to consider briefly the geological 
structure of the region and the pre-Glacial and pre-Wisconsin topography. 
PI. I shows the geological structure of the eastern half of the State and the dis- 
tribution and directions of movement of the Green Bay and Lake Michigan gla- 
ciers of the late Wisconsin stage. 

In this discussion the names of the several Paleozoic formations are used as in 
the Geology of Wisconsin, with the exception that those beds provisionally referred 
to the Lower Helderberg formation by Professor Chamberlin are now regarded 
as belonging to the Salina formation. Reference to these formations being merely 
incidental to the discussion of the drift features of the area, it is not considered 
advisable to discuss the proposed revision of the nomenclature. 

In the northwestern part of the area shown on PI. I are the pre-Cambrian 
highlands, composed of Archean and Huronian rocks. Lapping upon the eastern 
and southeastern slope of this nucleus are the Paleozoic formations, beginning with 
the Potsdam sandstone, of Cambrian age, and ending with the Hamilton beds, of 
Devonian age. These formations have easterly and southeasterly dips. As shown 
})y the section of the Blue Mounds west of Madison, the Niagara and all the 
subjacent formations originally extended far beyond their present limits, if not 
quite across the southern part of the State. At present the Niagara formation, with 
the exception of a few small outlying remnants, is confined to a belt 40 to 50 miles 
in width bordering the shore of Lake Michigan. It is evident that pre-Glacial 
erosion denuded the eastern half of the State of hundreds of feet of rock. In 
consequence of this extensive denudation, the western marginal parts of the 
several rock formations of this part of the State outcrop in more or less irregular 
belts, generall}' parallel to one another, to the strike of the beds, and to the west 
shore of Lake Michigan. Thus, in traversing the area from west to east one 
ascends the geological scale. The following is the list of formations present: 
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Geological formations of 8auUiem Wiscoiuiiyi. 
Devonian period. 

Hamilton formation. 

(Cement rock, blue and black shale.) 
Silurian period. 

Salina formation. 

(Thin-bedded, dolomitic limestone.) 

Niagara limestone. 
Ordovician period. 

Cincinnati shale. 

(Galena limestone. 

Trenton limestone. 

St Peter sandstone. 

Lower Magnesian limestone. 
Cambrian period. 

Potsdam sandstone. 
Pre-Cambrian. ^ 

Huronian quartzite. 

Igneous and metamorphic rocks. 

The formation having the greatest influence on the deployment of the glaciers 
of eastern Wisconsin during the late Wisconsin invasion was the Cincinnati shale. 
This formation has an average thickness of about 200 feet, and is composed 
in its upper part chiefly of slightly indurated clay shales and limestones, while 
in the lower horizon are arenaceous and thin-splitting, brittle, slat}' shales. As 
the result of this composition, wherever the heavy superjacent beds of Niagara 
dolomite were removed by erosion the poorly indurated beds of this formation 
were readily removed, and the erosion, thus localized, extended downward into 
subjacent Gralena beds. A broad trough was thus formed, its bottom and long 
west slope of Galena limestone, and its east side a more or less abrupt escarp- 
ment in the beds of the Cincinnati group and the thick overlying beds of the 
Niagara group. On the borders of Green Bay and Lake Winnebago this escarp- 
ment rises to a heig'ht of about 400 feet above the rock bottom of the trough. 
Farther south the valley shallows by the thinning of the west margin of the 
Niagara formation and the less sharp erosion of the Cincinnati beds. More- 
over, the region is so heavily covered with drift that even the exact location of 
the west margin of the Niagara and Cincinnati formations can not always l>e 
ascertained. 

Owing to the extent to which the older drift formations of the State are 
covered by the later deposits, it is not evident to what degree this Green Bay- 
Lake Winnebago trough influenced the advance of the glaciers of tiie earlier 
stages. It is plainly evident, however, that this trough determined the direction 
of the flow of the Green Bay Glacier of the late Wisconsin stage, if, indeed, to 
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GEOLOGICAL STRUCTURE AND PRE-GLACIAL TOPOGRAPHY. 15 

it was not due the actual differentiation of this part of the great ice sheet as a 
distinct glacial lobe. So also to the tributary valleys leading into this trough 
in southern Waukesha and Walworth counties was due the development of the 
Delavan glacial lobe, with the consideration of which this paper has to do. 

The pre-Glacial topography, or, more properly speaking, the configuration of 
the rock surface l>eneath the drift, within the limits of the area treated in this 
paper, is shown on PI. II with such accuracy and detail as the data at hand will 
permit. The terminal momines of the late Wisconsin glaciers and the courses 
of the present streams are also traced, to show the relations. 

The pre-Glacial Rock River Valley, in Rock County, contains 8(K) to 400 or 
more feet of drift. South of the Johnstown moraine the surface of the outwash 
deposit filling the valley is nearly flat. This surface rises from an elevation of 
80() feet above the sea at the State line to 900 feet at the front of the moraine. 
The higher parts of the undulating ti-acts on the east and the west of this valley 
reach an elevation of 1,000 feet alx)ve the sea, so that the location of the broad 
valley and its tributaries is plainly marked. From the front of the moraine to 
Lake Koshkonong there are 400 feet or more of drift in the morainal belts 
which cross the valley, so that the presence of the pre-Glacial trough would 
hardly be suspected. 

The rock first reached in the well " at the Rock County farm, 4 miles north 
of Janesville, is the Lower Magnesian limestone in the west slope of the pre- 
Glacial valley, at an elevation of about 635 feet alK)ve tide. In the Riverside 
farm artesian well, a}x)ut 2 miles southwest of the city, the rock first struck, at 
an deviation of 560 feet aliove sea level, belongs to the same formation. In the 
fair grounds well and the water company's wells at Janesville the red shale of 
the Potsdam group was the first rock struck in the lower valley slope, at 
elevations of al)out 510 and 520 feet, respectively. No deep wells south of the 
moraine are so located as to reach the bottom of the valley, so that the full 
depth can only be conjectured. The elevation of this bottom is evidently less 
than 450 feet above the sea, but may not be below 400 feet at the State line. 
Professors Chamberlin and Salisbury, in their article on the driftless area of the 
upper Mississippi,* cite the fact that a well on the border of Lake Koshkonong 
shows the valley bottom to be at least 330 feet below the present level of Rock 
River, or only about 450 feet above the ocean. One well in the valley at Fort 



« Elevations deterininexl from tojMyjjraphic maps of United States Geological Survey. 

Authoritlefl for well reeonls: Rock County farm well and Riverside farm well, E. Hindes. driller, Janesville, Wis.; 
Janesville fair groundH well, (ieology of Wi.M'onsin, vol. 2, p. 166; wells of Janesville Water Company, rei'ords at company's 
ofHce; wells in Fort Atkinson and vicinity, data from Albert Hummell, driller, ex-Ctovernor Hoard. McMillen Bros., Carl 
A. Becker, Mr. Bullock, Dewitt Wilcox, O. A. Howanl. <J. J. Hausz, Henr>' Ehlers, and I*eter Young: well in Scuppemong 
Marsh, Robert Blackmore. driller, Palmyra. Wis. 

^Chambi'rlin, T. ('., and Salisbury, R. D.. Preliminary pHiK'r on the <lriftles«» area of the upi»er Miwi.ssippi Valley: 
Sixth Ann. Rept. T'. P. Geol. Survey, 1886, p. 223. 
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Atkinson, about 30 miles north of the State line, was reported as having reached 
the Potsdam sandstone in the bottom of the valley at an elevation of about 500 
feet above sea level, while several wells in the same vicinity reach the rock at 
elevations ranging from 600 to 560 feet. These wells penetrated 200 to 330 
feet of drift. Seven or 8 miles east of this place a well in the Scuppernong 
Marsh is said to have penetrated 270 feet of drift — i. e., to an elevation of 520 
feet above the sea — without reaching the bottom of the valley. North of the 
moraine there is 200 to 330 feet of filling, and the valley is occupied by Lake 
Koshkonong and extensive marsh areas. The relations of the present stream to 
the pre-Glacial valle3^ are shown on PL II. 

East of the pre-Glacial Rock River Valley, and separated from it by a broad 
ridge of rock, is a broad valley that owes its location to the slight induration of 
the Cincinnati beds. The upper bmnches of this valley are traversed b}' Fox River 
between Waukesha and Big Bend, but the main valley contains no stream of 
importance. Since the position of the pre-Glacial valley is now most plainl}^ 
marked by the low area within and adjacent to the towns of Troy and E^t 
Troy, in northeastern Walworth County, it may be conveniently referred to as 
Troy Valley. 

The low tract in the adjacent parts of Waukesha and Walworth counties lies 
100 to 200 feet lower than the crest of the Kettle Range and the undulating 
ground momine tracts on the south, yet the pre-Glacial valley is so largely filled 
with morainal and outwashed drift, and the surface of this drift presents such a 
peculiar topography, that it scarceh' impresses one as marking the position of a 
definite river valley. The present topography is that of a plain above which 
rise a few small undulating areas and in which are many irregular depressions 
of large and small extent, varying from 10 to 100 feet in depth, with abrupt 
gravel slopes, and occupied by marshj' tracts and by more than a score of ix)nds 
and lakelets. Several wells show that the basin marks the location of h pre- 
Glacial valley cut through the marginal beds of Niagam limestone and those of 
the Cincinnati group. In Mr. Fred Andrews's well. If miles southwest of the 
village of Mukwonago, the first rock reached was shale at an elevation of about 
540 feet above sea level. Upon this shale was 300 feet of drift. In Mr. Stephen 
F. Fields's well, 1 mile east of East Troy, the Galena limestone was the first 
rock struck, at an elevation of 530 feet above the sea, beneath 330 feet of drift; 
while McKee Brothers' well, 5 miles west of East Troy, penetrated 401 feet of 
drift before reaching limestone at an elevation of 480 feet. ^ 

a Authorities for well records: 

Andrews's well, Otto Hembrook, driller, Mukwonagro: Fields's well, Arthur Smith. BurliiiKtoii, in whte»!se possession 
were samples of drillings. McKee Brothers' well, W. L. Thome, driller, Whitewater. 
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While it is clear from these well records that there is here a very consider- 
able pre-Glacial valle}', the position of its outlet is somewhat open to conjecture. 
The valley appears to be too deep to have discharged into Rock River Valley by 
way of the valley between Palmyra and Fort Atkinson, now occupied by Scup- 
pernong Creek and Marsh; moreover, the limestone has been reached at a suflScient 
number of points beneath the Kettle moraine and the outwash deposits on the 
east to make it almost certain that a continuous rock ridge 200 to 300 feet high 
separates the two basins. Like reasons appear to exclude connection with the 
valleys tributary to Rock River Valley in eastern Rock County. It seems to be 
equally sure that there was not an eastward discharge to the I^ake Michigan basin. 
The most prolwible line of discharge is southward through Walworth County, as 
shown on PI. II, yet this mapping is based on the general relations I'ather than 
on positive evidence furnished by the area itself. It was reported to the writer 
that a certain well 8 or 4 miles southeast of the village of Darien penetrated 160 
feet of clay and 250 feet of gravel without reaching roirk. This report was not 
verified, but if it is correct the rock at this place lies lower than 600 feet above tide. 

At Elkhorn the city well entered the Cincinnati beds without any overlying 
Niagara limestone l)eing encountered, whence it appears that the west margin of 
the Niagara formations lies east of that point. The removal of this protecting 
limestone must have exposed the underlying shale to extensive erosion west of 
Elkhorn, the same as farther north. That the shale was so ero<led beneath the 
Lake Geneva basin to the south is shown by the reconl of the well drilled at 
the Yerkes Observatory, near the northwest shore of the lake. This well pen- 
etrated 405 feet of drift before reaching the shale at an elevation of 621 feet 
above the sea. Though the shale is usually 2(X) feet or more in thickness, 177 
feet being penetrated by the Elkhorn well, but 33 feet were found overlying the 
Galena limestone at this point. It thus appears probable that the course of the 
Troy Valle}' is as shown on PI. II. 

From the head of Sugar Creek southward to Lake Geneva the present 
topography gives no indication of such a buried valle}'. The surface is gently 
undulating and ranges in elevation from 900 to 1,080 feet. If this be the real 
course of the valley, as there seems little I'eason to doubt, there must be from 
400 to 600 feet of drift piled into it within the Darien moraine. The further 
extension of the Troy Valley to the south is doubtless beneath Big Foot Prairie, 
southward through McHenry County, 111., where it may have joined the pre- 
Glacial Kishwaukee Valley, to which reference is made bj' Mr. Frank Leverett," 



'iThe niinols glacial IoIk*: Mon. V. S. Geol. Survey, vol. 88, 1899, p. 485. 
9986— No. 34—04 2 
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and its waters discharged to the old Rock River Valle}^ somewhere south of 
Rockford. » 

Wells in the area surrounding Lake Geneva show that the lake lies in a 
partly filled pre-Glacial valley whose bottom is less than 640 feet above the 
sea — i. e., more than 220 feet below the present lake surface, or about 80 feet 
below the lake bottom at its deepest ix)int. This valley evidently discharged 
westward, thus being tributary to the Troy Valley. 

OliDBR OH PRK-WI8CON8IN DRIFT. 

The relations of the drift deposited- by the glacier of the later Wisconsin 
stage to that of the glaciers of earlier stages in southern Wisconsin, Illinois, 
and Iowa, and western Indiana, are shown on PI. III. These relations are dis- 
cussed in detail by Mr. Leverett in his monograph on the Illinois glacial lobe 
and need not be described here except as they affect the specific phenomena 
discussed in this paper. So far as the writer's investigations have extended, 
there is little or no decisive evidence as to the exact age of the pre-Wisconsin 
drift of southern Wisconsin, though it appears probable from Mr. Ijeverett's 
studies in Illinois that drift of the Illinoian stage, and possibly of the lowan stage, 
is here represented. 

That this so-called ''older drift" is really older than the moraine-bordered 
drift was long ago shown by Professor Chamberlin and his associates of the 
Wisconsin and the United States geological surveys.** 

The evidence of greater age is found in the greater depth of leaching and 
oxidation of the drift, in the greater degree of weathering of the surface bowlders, 
and in the greater amount of erosion and more advanced stage of development 
of drainage systems of these extra-morainal tracts than in the moraine-bordered 
areas. 

All these tests are specifically applicable to the older drift of southeastern 
Rock County and southwestern Walworth County, which is the most closely 
related of the pre- Wisconsin drift sheets, in point of situation, to the deposits 
of the Green Bay Glacier and of the Delavan glacial lobe. The older drift is 
thoroughly leached of its calcareous elements to a depth of 3 or 4 feet, some- 
times to a depth of 5 feet or more. Oxidation extends to a considerable depth, 
and the upper 3 or 4 feet is stained to a brownish or yellowish-brown color. 
Very generally the color of the upper one-half foot to li feet of the drift is 
bleached to a dirty gray, and several inches of black humus usually coats the 
whole. Within the moraine- bordered areas the leaching occasionally extends to 

aGeol. Wisconsin, vol. 1. 1882. pp. 271-272. 



OLDER OR PRE- WISCONSIN DRIiT. 19 

depth« of 3 or 4 feet, but the depth is usually between 1 and 2 feet, while the 
oxidation is less marked than in the older drift. 

The crystalline bowlders of the later drift area iisiialh" show little indication 
of disintegration, while the occasional blocks of Niagara dolomite are nearly as 
fresh in appearance as if just taken from the quarry. In the older drift area 
the occasional Niagara bowlders will hardly be recognized at first glance. Their 
granular weathered surfaces are dull grayi^ih to buflf, often made grotes(iuely 
irregular by deep solution pits, which in some cases extend nearly or quite 
through^the >)loc!ks. It is only on fresh fracture that the familiar whitish, crys- 
talline character of the Niagara limestone is seen. Incipient ci'acks frequently 
appear in the crystalline lK)wlders, and it is ver>' common for light blows of the 
hammer to flake off shell-like pieces one-eighth to one-fourth of an inch thick 
from their rounded surfaces. 

The erosional difference is also notable; the later drift surface shows very 
little post-Glacial modification. Marshes, lakes, and ponds abound. The topog- 
i*aphy is everywhere of the depositional t^^'pe. Large tracts of easily eroded 
material show absolutely no erosional modification other than the slightest sur- 
face gullying. In the older drift area erosion has made considerable progress. 
Nowhere is there the thorough dissection seen in the oldest drift sheets; the 
topography is still very young, yet numerous little valleys, 1 to 3 miles in length, 
show 40 to 60 feet of erosion. Some of the tributaries reach back 10 to 11 
miles, and the whole area is well drained. 

On the other hand, all these evidences of atmospheric exposure fall far short 
of those shown in the oldest drift sheets. The degree of leaching and oxidation 
is modei-ate. The crystalline pebbles and bowlders in the body of the drift, with 
the occasional exception of the more basic varieties, are usually compact and 
solid. Even where some of the basic bowlders have disintegrated, the compo- 
nent minerals are but slightly decomposed. The pebbles of Niagara limestone are 
fresh and clean, while considerable gently undulating areas have not been trenched 
by erosion. 

Considering these facts, it appears that the drift in question probabl}' occupies 
a position in the series somewhere l)etween the Kansan and the Wisconsin drift 
sheets — i. e., it is prolmbly either lUinoian or lowan. Mr. Leverett, who has 
wide acquaintance with the drift phenomena of the Mississippi basin, has correlated 
the upper part of this drift with the lowan stage of glaciation. The reasons for 
this correlation arc, he says — 

'* because of an apparent similarity with the lowan drift of eastern Iowa in its 
connection with the great sheet of loess in the Mississippi l)asin. The loess overlaps 
this drift sheet only a short distance in Illinois and was deposited apparently while 
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the ice sheet was melting away, there being no clear evidence of an exposure of 
its till to protracted atmospheric action prior to the deposition of the loess.'"" 

Concerning the thickness of the Iowa drift Mr. Leverett states* that in eastern 
Winnebago and Boone counties, 111., the drift of lowan age is known to have 
considerable thickness, possibly an average of 40 feet or more. On the whole, 
however, he considers it a liberal estimate to allow an average of 10 feet, both 
of till and of loess, as the prwluct of the lowan invasion in Illinois. Below this 
occurs the lllinoian drift. 

In the southeastern part of Rock Count}', Wis., numerous exposures of the 
underlying rocks occur, and often wells find less than 40 feet of drift; but, on the 
other hand, many other wells show more than 100 feet of drift. In southwestern 
Walworth County thicknesses of 200 to 250 feet are known to o<'.cur. It is quite 
possible that here, as in Illinois, these thicknesses comprise two or more drift 
sheets. 

The prevailing color of the older drift in the area east of Rock River is 
pinkish at the surface exposures, but at greater or less depths a more solid blue 
till is encountered. One well 3 miles southwest of Clinton Junction penetrated 
solid blue clay which was so dense and dry that it "was necessary to pour in water 
to wet the drill until a gmvel stratum was reached at a depth of 100 feet. Some 
wells penetrate considerable deposits of sand or gravel between thick deposits of 
clay. Others penetrate deposits of black muck. But sufficient accurate data 
have not yet been collected to show beyond doubt that these are the deposits 
of an interval of deglaciation separating two distinct drift sheets. 

PKORIAN 8TAGK OF RBCESSIOX OR DECJToACIATION. 

PEORIAN SOIL HORIZON. 

Mr. Leverett states'' that extensive deposits of muck and peat occur in the 
base of the Wisconsin drift in northern Illinois, notably in McHenry, Dekalb, 
Lasalle, and Bureau counties, which are in all probability immediately underlain, 
in some cases at least, by lowan drift. The early Wisconsin drift sheets have 
been so far overridden by the late Wisconsin glaciers in southeastern Wisconsin 
that clear evidence of the Peorian stage of deglwiation has not been found. 

The occurrence of soil horizons and vegetal remains has been reported at a 
few points beneath the terminal moraine, and outwash deposits of the Green 
Bay and Delavan glaciers; but it is by no means certain that they were formed 



a Leverett, Frank, The Illinoi§ glacial lobe: Mon. U. S. Geol. Siin-ey, vol. 38, 1899, p. 180. 
bOp, cit., pp. 136 and 187. . * 

c Op. Cit., pp. 185-186. 
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during the Peorian interval. In their article on the driftless area/' Messrn. 
Chaniherlin and Salisbury 'make the following reference to inter-Glacial deposits 
in this region, based on information furnished by Mr. Reynolds, of Johnstown: 

*' Beneath the overwash gravels that fringe the moraine in the Rock River 
Valley, there are considemble accumulations of vegetable matter. The wells of 
Johnstown, Rock County, sunk at various times during the last thirty years, have 
frequently penetrated these. The maximum depth charged with vegetable matter 
is several feet.'- 

A well near the edge of the moraine, 4i miles northeast of Johnstown Center, 
penetrated the following deposits: 

Section of well near JohnMown Center, Wis. 

Feet. 

Top soil 1 

<2uick Hand and jjravel 10 

Blue clay 40 

Gravel 179 

Black soil 2 

Limestone 18 

Total 250 

The "black soil" resting on the limestone may be pre-Glacial leather than 
inter-Glacial. 

Mr. \V. II. Featherstone's well on the extreme frontal margin of the Darien 
moraine, 3 miles northwest of Walworth, penetrated the following deposits: 

Sejiion of the FexUiierstone weUy near Walwrthy Win. 

Feet. 
Clay 6 

Reddish gravel 18 to 20 

Yellow ^»nd 2 

Hard blue clay 42 to 44 

Hlac'k quicksand 7 to 8 

Total 80 

The water from the '* black quicksand'' tasted like marsh water and was said 
to have had at first a very disagreeable odor. Tlie margin of the Darien moraine 
of the late Wisconsin glacier at this point overlaps the older drift with no inter- 
vening outwash and, so far as known, with no interpolated drift of early Wisconsin 
age. The well curb stands but 20 or 80 feet above the level of the older drift 
outside of the mominc, so that it is (juite as possible that the black humus marks 
the Sangamon soil horizon as that it was d(*i)osited during the Peorian interval. 

«Chaml)crliii. T. <'., and Salisbury. K. I).. l*rolimiiiary hhjht on the tlriftless arra of the upper Miwlssippi Valley; 
Sixth Ann. Kept. I*. S. <;<h»1. Survey. Ihs*;. p. 264. 
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WISCONSIN STAGE. 

EARLY WISCONSIN GLACIATION. 
MARENGO RIDOE AN!) ASSOCIATED MORAINAL DEPOSITS. 

The distribution of the moraines in Illiuoiis, indicating the deployment of the 
ioe during the earlier advances of the Wisconsin glairiers, is shown on PI. Ill, 
which is compiled from data obtained bj" Mr. Leverett. These successive drift 
sheets so overlap in the northern part of the State that, in northern Kane County, 
the Bloomington and Marseilles moraines connect with a broad morainal tract 
whose component parts have not thus far been satisfactorily differentiated. The 
outer or western border of this composite belt is occupied by a somewhat distinct 
moraine, called the Marengo Ridge. 

Near the A^llage of Hampshire, in northwestern Kane County, the Marengo 
Ridge passes by the eastern end of the outer ridge of the Bloomington morainic 
system in a course nearly normal to it, and thence northward to the vicinity of 
Walworth, Wis., a distance of 30 to 35 miles, constitutes the outer moraine of 
the early Wisconsin series.'' Mr. Leverett states* that the correlation of this 
ridge with the moraines farther south can scarcely be said to be settled. Several 
interpretations are suggested by the phenomena, no one of which he considei's 
better sustained than the others. 

By the first interpretation the Marengo Ridge is considered the continuation 
of the -Bloomington system; by the second it is made later than the outer ridge 
of the Bloomington system, which it* would thus be considered as having 
overriden; by the third the outer ridge of the Bloomington system is considered 
to pass across the Marengo Ridge and to join the composite belt lying east of 
that ridge, thus referring the latter ridge to an earlier stage than the Bloomington 
moiaine. 

Between the Marengo Ridge on the west and Fox River on the east the 
composite belt, 8 to 15 miles in width, is genenilly morainic. In this portion 
also satisfactory correlations with the more clearly differentiated moraines in 
the districts to the south have not yet been established. C'oncerning these 
correlations Mr. Leverett writes in part as follows:'" 

''Two quite distinct interpretations have l)een suggested in the course of the 
investigation. By the first interpretation this portion of the composite belt is 
made to be a continuation of the inner part of the Bloomington morainic system, 
which connects with it near Elburn. The very strongly morainic tract immediately 
northeast of P^lburn would, in this case, be situated at a sharp bend or reentrant 
angle in the ice margin, and this may account for its greater ruggedness. 

"Leverett. Frank. The Illinois glaciul lobe: Mon. U.S.Geol.Snrvt*y. v«»l. as. 1S99. p. l>90. ^-Op. cit.. i»i».:W2-304. 

«»0p. cit.. pp. 2«>-29ti. 
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''The bulk of the Bloomington system is not greatly different from that of 
the composite belt west of Fox River, and presents no obstacle to this inter- 
pretation. The topography of the composite belt is much sharper in expression 
than that of the Bloomington system, but changes of topography have been 
found to occur in other belts to as marked a degree as in this instance. * * ♦ 

•"Ba" the second int(»rpretation this portion of the composite belt is thrown 
into the late Wisconsin series of moraines, and it« continuation found in the 
bowlder belts and feebly developed morainic tracts lying outside of the Valparaiso 
morainic system in Kane, Kendall, Grundy, and Kankakee counties. The belts 
can be titiced into a reasonably (dose connection with the southern end of the 
undulatory belt in southern Kane County. There seems, therefore, no formidable 
gap to bridge in making this correlation. The greatest obstacle to the inter- 
pretation appears to be found in the abrupt change in bulk which the moraine 
presents in the district east of Elburn. From this point southward a thickness 
of only 20 or 25 feet is presented by this moraine where best developed, while 
to the north the thickness averages more than 100 feet. The expression also is 
much stronger north than it is south from this line.-' 

He further suggests a combination of these inteipretations by which the 
great bulk of the portion north of Elburn is referred to the Bloomington morainic 
system, while the slight moraine in southeastern Kane County is made the result 
of the late Wisconsin invasion, in which the ice would be supposed to override 
the composite l>elt without greatly modifying its character. The relation of the 
Kaneville esker northwest of Aurora, 111., he thinks, however, throws the balance 
of evidence in favor of correlation with the Bloomington system. 

This hitter correlation also is more in accord with the writer's observations 
on the relations of the (renoa and Darien moraines of the Delavan lobe, which 
clearly are of late Wisconsin age, to this composite morainal belt in the vicinity 
of the Stiite line. 

Near Elgin, 111., the combined Marseilles moraine and Minooka Ridge 
separate from the eastern part of this composite belt. In Kendall County this 
ridge dividers into the component moraines, of which the Marseilles moraine is 
referred to the early Wisconsin group, while the Minooka Ridge is provisionally 
correlated with those of the late Wisconsin glacier. From northern Kendall 
County northward the Marseilles moraine appears to have been overridden by the 
later advance. 

The eciuivalence of the Valpamiso moniinic system to the eastern portion of 
the composite belt is established l)eyo!id doubt. Mr. l^verett states'' that it 
probably should include all of the composite belt north of Elgin on the east side 
of Fox River and possibly also a small part west of that stream. This also 
agrees with the writer's observations on the Wisconsin side of the State line. 

"Op. cit.. pp. 301-30r>. 
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RELATIONS BETWEEN THE MARENGO KIDGE AND COMPOSITE MORAINIC BELT IN 
ILLINOIS AND THE MORAINES OF THE DELAVAN GLACIAL LOBE IN WISCONSIN. 

The relations of the moraines in northern Illinois being as above stated, it is 
of some importance to determine how the moraines of Wisconsin are related to 
the Marengo Ridge and the associated composite morainal belt. In brief, the 
relationship may be stated as foUowj^: 

The Marengo Ridge extends about 1^ miles into Wisconsin south of the head 
of Lake Geneva. Here it ends in a long north slopd which appears to be due 
to its dropping down into the depression formed by the confluence of the pre- 
Glacial Geneva and Troy valleys (PI. II). 

Where the Darien moraine crosses this trough west of Lake Geneva, instead 
of being depressed its crest reaches an elevation higher than at any point north- 
westward to Richmond. North of the Darien moraine a broad ridge swings about 
the head of the Geneva basin (PI. XIV). North of Williams Bay and the head 
of Lake Como, in the line of the continuation of this ridge, the deposits of the 
Elkhorn moraine reach the highest elevation in this part of the State — 1,140 feet 
above the sea — though farther north this moraine is a very inconsidemble topo- 
graphic feature. 

From these facts it appears very probable that the Marengo Ridge in descend- 
ing into Troy Valle}' was deflected slightly toward the west. It dammed Geneva 
Valley near the site of the village of Walworth, and thence swung toward the 
northeast, ascended the east slope of Troy Valley, and surmounted the Niagara 
formation. 

This ridge so largely filled Troy Valley near Walworth that, when the Darien 
moraine was deposited across the drift-filled valley, no depression of its crest 
occurred, but instead the crest was higher than to the northwest. The elevation 
north of Williams Bay is well accounted for by supposing that the Elkhorn 
moraine here crossed the Marengo Ridge as the latter ascends the pre-Glacial 
slope. 

The Genoa, Darien, and Elkhorn moraines lie in curves transverse to the 
trend of the Marengo Ridge and of the whole composite morainal belt of 
McHenry County, 111., and, if the writer's interpretations are correct, the north- 
ward extensions of these earlier morainal deposits were overridden by the Dela- 
van lobe of the late W^isconsin Glacier, which formed the transverse moraines. 

The ice movement in the southern part of the Delavan lobe, as elsewhere 
shown, varied from a direction normal to that of the glaciers forming the earlier 
morainal systems to a direction oblique to that of the earlier movement. That 
is to say, while the early Wisconsin glacial movements were from east to west 



LATE WISCONSIN GLACIATION. 25 

across Lake and McHenry counties, 111., the direction of the movement of the 
southern part of the Delavan lobe of the late Wisconsin stage varied from south 
to southwest. The change in direction of movement in this small lobe of \the 
late Wisconsin glacier was due to local conditions and is insignificant in compar- 
ison with the shifting of the axes of the great glacial lobes in Illinois. This is 
especiall}'^ true when it is considered that the movement in the Lake Michigan 
Glacier across Racine and Kenosha counties, Wis., and Lake County, 111., agreed 
with that of the earlier glaciers in being from east to west. Nevertheless it is 
worthy of note that in the southern half of Walworth County, Wis., there was 
a discordance between the movement in the Delavan lobe of the late Wisconsin 
Glacier and the movement of the early Wisconsin glaciers in northern Illinois, 
which discordance is in agreement with the shiftings of the ice lobes on a much 
grander scale in Illinois. It is on the basis of this shifting of the ice lobes in 
Illinois and Indiana that the distinction has been made between the earlier and 
later advances of the glaciers of the Wisconsin stage. There is no evidence of a 
great difference in age. It is not known to what extent the earlier glaciers of 
the Wisconsin stage wasted away before the readvance was inaugui*ated. Illinois 
was not improbabl}'^ freed from ice, and the same may have been true of Wiscon- 
sin. The change in conditions appears to have been suflScient at least to result 
in the notable shifting of the ice lobes above mentioned. 

LATE WISCONSIN GLACIATION. 
OUTLINE OF THE PROCESS OF GLACIATION AND DEGLACIATION OF THE AKEA. 

Before taking up the detailed discussion of the several momines and associated 
outwash deposits of the late Wisconsin glaciers it may be well to give an outline 
of the history. It is not possible to determine in very nmch detail the history of 
the advance of the glaciers, because during the advance and subsequent melting 
of the ice the record was made obscure. Near the limit of the advance of the ice 
the deposits, not having l)een again overridden, are more readily deciphered, and, 
as much more of the record remains, the later history seems to l>e more complicated 
than the earlier. Whether it really was so may well be questioned. 

The area covered by the late Wisconsin glaciers in Wisconsin and adjacent 
parts of the neighboring States at the time of their maxinuim extension is shown 
on PI. Ill, and their extent in the part of southeastern Wisc^onsin under discussion 
is shown in more detail on PI. IV. The fronts of the Green Bay and Lake 
Michigan glaciers were in conjunction along a line which ran northeastward from 
the vicinity of Richmond, and along this line was formed the interlobate Kettle 
moraine. Near Richmond the ice fronts diverged; that of the Green Bay Glacier 
lav along the Johnstown momine to the west, and that of the Delavan lobe of 
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the Lake Michigan Glacier lay along the Darien moraine southeastward to the 
vicinity of Walworth, and, beyond this, along the Genoa moraine, a branch of 
the main terminal moraine. The west front of the main Lake Michigan Glacier 
lay to the east, along the Valparaiso moraine, near the line of Fox River. From 
these melting ice fronts copious streams of water poured down the pre-Giacial 
Rock and Troy valleys, filling them with vast amounts of sand and gravel. 
While the ice fronts yet held their advanced positions through most of their 
extent, the south front of the Delavan lobe was melted back to the main 
terminal moraine, which lay south of Lake Geneva and ran thence northeastward 
to the vicinity of Burlington. The escaping waters then cut an outlet through 
the outer moraine near Genoa Junction, which is now occupied by Nippersink 
Creek. 

On the completion of the Darien and Johnstown moraines, a stage of excessive 
wastage ensued, the marginal parts of both the Delavan and Green Bay lobes being 
eaten away. Whether the extent of this retreat of the ice fronts is meanured by the 
distance between the outer moraines and those next formed, or whether there was a 
further retreat followed by a readvance to these moraines, is not known. At the 
next stage the glaciers appear to have had the extension shown on PI. V. The 
margin of the Delavan lobe lay along the Elkhorn moraine, while the Green Bav 
Glacier occupied the Milton moraine, the junction of the two ice fronts having been 
moved to the vicinity of Lagrange Center, about 9 miles northfeast of its former 
position. For about 3 miles along the front of the Green Bay Glacier the water 
discharged into the low area behind the Darien moraine, where it formed the 
out wash plain on which stands the village of Heart Pmirie. This water and that 
from the west front of the Delavan lobe cut an outlet through the Darien moraine 
and the bordering gravel terrace and escaped to the newly formed Rock River. 
This latter stream originated when the water from the Green Bay Glacier, ponded 
behind the Johnstown moraine, broke over a sag in the morainal crest and began 
the erosion of a valley in the gitivel plain along the line of the present stream. 
Probably about this time also lakes Geneva, Delavan, and Como were formed. 

Again the rate of wastage gained the ascendency and the retreat of the ice 
fronts was resumed and the margin of the DelaV'an lobe was gradually forced 
back across the elevated area east of Elkhorn. (PL X.) A part of the waters 
escaped southward to the Nippersink outlet at Genoa Junction, while the rest 
escaped by the Turtle Creek outlet near Delavan. A part of this latter flow, 
probably concentrated by a sag in the drift, began the excavation of Sugar Creek 
Valley through the high aren east of Elkhorn. The Green Bay Glacier still 
stood snugly pressed against the interlobate Kettle moraine at least as far south 
as Palmyra, though the ice on the east was melting away. The discharge of 
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waters from the converging ice fronts thus built up the first or upper terrace 
which borders the Kettle moraine on the east, from its junction with the Elkhom 
moraine to a point 4 miles northeast of Eiagle. West of Palmyi-a bat meager 
morainal deposits are now exposed, so that the exact position of the south front 
of the Green Bay Glacier is in doubt. 

The wasting of the glaciers continued until their margins had about the rela- 
tions shown on PL XIII. As far north as the vicinity of Wales the Green Bay 
Glacier now ceased to pour its waters over the Kettle moraine into the province 
of the Delavan lobe on the east. Its southeast front perhaps lay along the 
moraine running northward from the vicinity of Palmyra. The waters from the 
Delavan lobe, having cut down the Sugar Creek Valley as low as the channel 
leading to the Turtle outlet, and the wasting of the ice having cleared the valley, 
a new outlet for the waters from the north was opened, allowing them to escape 
to the Nippersink outlet at Genoa Junction. This new channel having a greater 
fall than that by way of the Turtle outlet, the latter was abandoned and the 
accelerated flow cut away much of the morainal and terrace deposits east of 
£agle and formed a second and lower terrace. 

The formation of the third and lowest gravel terrace in southwestern Wau- 
kesha County and northeastern Walworth County, which marks the next distinct 
stage .of the glacial retreat, occurred when the retreating margin of the Delavan 
lobe cleared the Fox River Valley as far north as Burlington and the valley of 
Honey Creek above the latter place, thus giving a new and still lower outlet for 
the glacial waters, which then began, with renewed energy, the excavation of the 
gravels of the second terrace. About this time the retreating front of the 
Green Bay Glai^ier must have made a stand at the Hebron moraine, its last halt 
within the area under discussion. The further history of the wasting of this 
glacier is not considered in this paper. 

At length the Delavan lobe was entirely wasted away. This appears to have 
been accomplished while yet the west front of the main Lake Michigan Glacier 
occupied the Valparaiso moniinic system bordering the line of the Fox River 
•southward to the State line. From this time the whole west front of the Lake 
Michigan Glacier retreated eastward across the area. Stages in this retreat are 
marked })v the ridges of the lake border mominic system. 

With the withdniwal of the glacial margin into the basin of Lake Michigan 
the waters of a lake which occupied the basin, expanding as the ice disappeared, 
produced a series of phenomena which are discussed under the histor}^ of Lake 
Chicago (i)p. r>S-72). At the Glenwood stage the waters of this glacial lake stood 
about H(> feet higher than the present lake level and discharged through an outlet in 
the vicinity of Chicago, 111. Following this was a low-water stage, due probably to 
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the further retreat of the glacier and the opening of a lower outlet to the north- 
east. Following this low-water stage the waters again rose, this time to a level 
about 40 feet above the present lake. This constitutes the Calumet stage. Asso- 
ciated either with the Calumet stage or with the latter part of the Glenwood 
stage, a readvance of the glacier southward to the vicinity of Milwaukee is 
believed to have occurred. To the peculiar combination of conditions resulting 
from lake action and from the crowding of this glacier upon the land is referred 
the deposition of a red clay which overlies the lacustrine deposits from the vicinity 
of Milwaukee northward. Certain evidence has developed indicating the possible 
occurrence of a second low-water stage of Lake Chicago following the Calumet 
stage. At the final stage, the Toleston, the lake stood 20 feet or more higher 
than the present lake. The final opening of a noilheast outlet lower than the 
Chicago outlet merged the history of Lake Chicago into that of Lake Michigan. 

DEPLOYMENT OF THE GREEN BAY AND LAKE MICHIGAN GLACIERS AND THE ORIGIN 

OF THE DELAVAN LOBE. 

As the ice of the later advance of the glaciers of the Wisconsin stage 
invaded the borders of Wisconsin, the troughs formed^ by the erosion of the 
soft beds of the Cincinnati formation became the controlling factor in the sep- 
aration and deployment of the Green Bay Glacier, and, in the southeastern coun- 
ties, in the formation of the Delavan lobe of the Lake Michigan Glacier. The 
pre-Glacial valleys seem not to have been obliterated by the earlier drift deposits. 

While the Green Bay-Lake Winnebago trough was competent to give direc- 
tion to the Green Bay Glacier, it was not sufBcientl}' deep to confine the 
deployment of the glacier to its immediate limits. On the west the ice spread 
out t)0 to 70 miles from the main axis of the lobe. In western Shawano 
County and eastern Marathon County, where the ice encroached upon the 
Archean highlands, the marginal deposits lie at an elevation nearly 1,000 feet 
higher than the bottom of Green Bay, opposite Sturgeon Bay. Farther south 
the ice, after ascending the gentle slope of the Galena formation, reached the 
southward and southwestward discharging valleys eroded in the St. Peter and 
Potsdam sandstones, which doubtless facilitated the advance in that direction, so 
that the ice extended to northern Rock County and northwestern Walworth 
County, where the Johnstown terminal moraine was formed. 

On the east the deployment of the ice was confined to 20 to 30 miles from 
the axis of the lobe. This limitation was not, however, due to the escarpment 
formed by the west margin of the Niagara limestone and the underlying shales, 
since southward to southwestern Waukesha County the ice overrode the escarp- 
ment and began to descend the gentle eastward slope of the Niagara formation. 
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The Lake Michigan Glacier advanced southward along the lake basin, and 
on the west deployed laterally into the eastern counties of Wisconsin, where 
its west front moved 15 to 30 miles up the gentle rock slope. Where the 
opposing fronts of the Lake Michigan and Green Bay glaciers met on this 
slope the advance ceased and the famous interlobate Kettle Range, or Kettle 
moraine, was formed. 

In Illinois and Indiana the Valparaiso morainic system is believed to mark 
the limit of the advance of the Lake Michigan Glacier at this stage. The rela- 
tions of certain outlying features have not been clearly determined. 

In southern Waukesha and Walworth counties, Wis., before reaching the 
limits of its advance the west front of the Lake Michigan Glacier crossed the 
divide and entered Troy Valley, shown on PL II. This valley, through Wal- 
worth County, has a breadth of 10 to 15 miles and its bottom lies 300 to 500 
feet below the level of the higher parts of the rock surface on either side. To 
what extent this pre-Glacial valley was tilled with drift of the earlier ice inva- 
sions is not known, but that it offered a channel of easy flow to the ice nearing 
the limits of its advan(*e on the gently rising slope of the Niagara formation is 
apparent from the fact that down this trough the ice advanced to the vicinity of 
the villages of Richmond, Darien, and Walworth, a position nearly 25 miles far- 
ther west than the limit reached in Illinois. The village of Delavan, in western 
Walworth County, stands not far from the most southwesterly point reached by 
this glacial lobe, so that the name Delavan lobe is a convenient term by which 
to designate this part of the Lake Michigan Glacier. 

Though the origin of the Delavan lobe appears to have been due in large 
part at least to the channel of easy flow offered by the Troy Valley to the ice 
nearing the limil of its advance on the gently rising slope, the lobe, once initi- 
ated, was not confined to the limits of the valley, but spread southward over a 
more elevated tract between Elkhorn and Burlington and over the lower area to 
the south, in which is the Geneva Valley, until its south front halted near the 
State line along the northern })oixier of the composite morainal belt formed by 
the earlier glacial advances of the Wisconsin stage. 

DIRECTIONS OF ICK MOVEMENT IN THE GLACIERS. 

Within the southern part of the area of the Green Bay Glacier the directions 
of the ice flow i-adiated toward the crescentic margin. The radiation is shown 
by the strite on the rock, and more strikingly by the strongly developed drumlin 
topography of the ground moraine. In southwestern Waukesha County, north- 
western Walworth County, and southeastern Jefferson County the direction varied 
from southeast to south, toward the interlobate Kettle moraine (PI. IV). Some 
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of 'the strisB observed in nouthern Jefferson County and in northeastern Kock 
County have a more southwesterly trend than the neighboring dninilins. It is 
possible that they were formed during an earlier glacial advance, or they may l>e 
merely local variations in the direction of the movement. 

The directions of the ice movement in the Lake Michigan Glacier are shown 
b}*^ similar phenomena (Pis. IV and XIV). In Waukesha County, from the vicin- 
ity of the village of Genesee northward, the movement was westward toward the 
Kettle moraine. Striaj observed 1^ miles east of Genesee range from S. 80^ \V. 
to S. 94^ W. Those seen at Hadfield's quarry, north of Waukesha, range from 
S. 58^ W. to S. 81^ W. 

The southwestern diversion down Troy Valley is shown by obscure striae 
observed by Professor Chamberlin" 3 miles south of Mukwonago which have a 
trend S. 45^ W. to S. 50^ W. ; by the trend of the drumloidal hills and elongated 
ridges of the ground moraine of southeastern Waukesha County, which is S. 50^ 
W. to S. 60^ W., and by striae observed in several exposures in the vicinity of 
Milwaukee which range from S. 19*^ W. to S. 71^ W. 

In Racine and Kenosha counties the movement was again more westerly. 
Striw observed at Horlick's quarry, northwest of Kacine, range from S. 88*- W. 
to S. 93^^ W. 

In the Delavan lobe, while the axial movement was south westward, there was 
doubtless a fan-like deployment of the ice such as occurred on a much grander 
scale in the Green Bay Glacier. This is indicated by the looped disposition of 
the moraines, but unfortunately there are no rock exposures so situated as to 
demonsti'ate the divergent movement. Certain drift ridges between the villages 
of East Troy and Watiarford have a more southerly trend than the striae observed 
south of Mukwonago, as though the flow was there diverging toward the south. 

Certain disturbances in the rock layers observed by Professor Chamberlin* 
at the quarry west of Burlington indicate that the direction of the ice movement 
there was southerly. 

OUTER TERMINAL MORAINES AND ASSOCIATED PHENOMENA. 
GENOA TERMINAL MORAINE. 

The Genoa moraine should probably be considered a branch of the Darien 
moraine. Northwest of the head of Lake Geneva the latter marks the limit of 
the advance of the Delavan lobe. The ice front appears to have continued here 
after it had withdrawn from the Genoa moraine to that part of the Darien 
moraine east of the head of Lake Geneva. 



aGeol. Wisconsin, vol. 2, p. 204. «»Op. dt. p. 204. 



LATE WIBCON8IN GLACIATION. 31 

Excepting that part within 3 miles of Genoa Junction, the Genoa moniine 
has a weak and rather equivocal development. It is the strong development 
near Genoa Junction which gives the name to the moitiine. In Southern Wal- 
worth Countj^ as has been indicated, the bulky Marengo Ridge ends in a long 
north slope where it drops down into the pre-Glacial Troy Valley at its junction 
with the pre-Glacial Geneva Valley. lieginning at a point 1 mile south of the 
village of Walworth a narrow and fairly well defined belt of morainal topography 
is seen bordering the east margin of Big Foot Prairie. This belt may be traced 
up the slope to the south and thence southward as the crest of the Marengo 
Ridge. A short distance . east of the northern extremity of this belt a second, 
milder belt of sags and swells, with occasional well-marked gravel knolls and 
kettle holes, separates from the main part of the Darien moraine, south of the 
western end of Lake Geneva, and may be traced with some discontinuity south- 
eastward across the State line to the village of Hebron, 111. One and one-half 
miles northwest of Hebron the valley of Nippersink Creek, which to the north- 
east and to the southwest is marked by broad marshy flats, is occupied by a 
deposit of morainal gi^avels. From the vicinity of Hebron this belt may be 
traced eastward and northeastward into Wisconsin again, along the south border 
of the marshy valley of Nippersink Creek. One-half mile north of Genoa 
Junction it is cut through by the creek. 

From the second crossing of the State line to the valley of Nippersink Creek, 
near Genoa Junction, the Genoa moraine is strongly developed. The abrupt, 
ice-contact face rises (>0 to 80 feet above the marshy tract on the north, and its 
crest is broken by abrupt knolls and ridges of gravel alternating with kettles, 
many of which are large and deep. In the vicinit}' of Hebron, 111., several 
wells within this belt have penetrated 60 to 70 feet, principally of gravels. One 
well, west of Genoa Junction, penetrated 139 feet, principally sand and gravel. 
Eiast of Nippersink Creek the moraine may be traced northeastward for a mile 
by a narrow gravel ridge pitted with kettles, which forms the crest of a broader 
ridge apparently of till. Beyond this, again, the moraine is not so well defined. 

In western Kenosha County the converging Genoa and Valpamiso moraines 
are nuich alike in character. The whole l>elt is interlaced with irregular 
depressed areas, mostly marshy, some containing tamai*ack swamps, two of them 
occupied by Power and Lill^' lakes. Within these depressions, surrounding them, 
or alternating with them, are equally irregular hills, ridges, and hummocky 
deposits of gravel. Reliefs of 60 to 100 feet are fret|uent. 

In the interlobate angle in southwestern Kenosha County, between the con- 
verging south front of the Delavan lobe and west front of the Lake Michigan 
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Glacier, morainal, out wash, and earlier ground moraine deposits are so confusedly 
distributed that it is diffieuU; to say just what were the extreme limits of the 
Lake Michigan Glacier in this vicinity at this vstage, but there can be little 
doubt that its west front occupied that part of the Valparaiso morainic system 
which, for some distance southward, lies west of Fox River. 

The development of the Genoa moraine is so slight in some parts that 
positive demonstration can not be claimed for the correlation here given, yet, 
after careful study of the area, the writer feels confident that this correlation 
can not be far from correct. The strongl}- developed moraine and accompanying 
outwash apron extending westward from the vicinity of Genoa Junction was 
unquestionably formed along the south front of a glacier, and the mild morainal 
deposits which have been described are in the line of the most probable continua- 
tion of this morainal belt. At one point, about 4 miles southeast of Walworth, 
it was noted tliat a small drainage line in the north slope of the Marengo Ridge 
was blocked by the morainal deposits of the Genoa substage so as to inclose a 
small pond and marsh. A very slight morainal crest runs off to the southward 
from the vicinitj' of Hebron, 111., but this is nearly normal to the trend of the 
Genoa moraine, is bordered on the west by an outwash deposit, and appears to 
belong to the earlier Wisconsin series. 

If the ice front occupied the Darien moraine between Walworth and Rich- 
mond while the Genoa moraine was being formed, it continued its occupancy 
after it had withdrawn from the Genoa moraine to that part of the Darien moraine 
between Walworth and Burlington. The Darien moraine appears to be one con- 
tinuous deposit. 

OUTWASH DEPOSITS. 

The disposition of the water resulting from the melting of the late Wiscon- 
sin glaciers was one of the most important features of this stage of glaciation. 
The glacial drainage washed out great quantities of material from the drift 
transported by the glaciers, assorted it, and made extensive deposits beyond the 
limits of the ice of the several successive stages. The character and amount of 
this outwash material during the Wisconsin stage indicate a vigorous and long- 
continued flow. \ 

The converging Genoa and Valparaiso moraines in southwestern Kenosha 
County have more or less continuous, though very irregular, ice-contact slopes, 
from the crests of which outwash deposits decline toward the Twin Lake 
depression, where they are not always to be distinguished from the morainal 
and till deposits. 

From the valley of Nippersink Creek at Genoa Junction to a point nearly 
2 miles west of Hebron, 111., the Genoa moraine is bordered on the south by an 
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extensive deposit of sands and gravels which are frequently exposed beneath a 
thin coating of clay. 

ABANIK)NMEXT OF THE GENOA MORAINE AND REI.ATIONS OF THE ICE FRONTS. 

The deposition of the Genoa moraine and accompanying outwash deposits 
was followed by the melting away of 3 or 4 miles of the southern border of the 
Delavan lobe, so that the south front of the ice withdrew to that part of the 
Darien moraine lying between southwestern liiicine County and the head of Lake 
Geneva. Elsewhere the ice margins appear to have continued at their outer 
moraines. Between the villages of Walworth and Richmond the southwest front 
of the Delavan lobe contiruied at the Darien moraine. From Richmond north- 
eastward the fronts of the Green Bay and Lake Michigan glaciers were still in 
conjunction along the line of the interlobate moraine*, while the south front of 
the Green Bay Glacier stood at the outer or Johnstown moraine. In western 
Kenosha County the west front of the main Lake Michigan Glacier still occupied 
the morainal belt west of Fox River, though the angle of junction with the 
south front of the Delavan lobe was shifted northward to a position not far 
from the southwest corner of Racine County. The distribution of these moraines 
is shown in PI. IV. 

DARIEN TERMINAL MoRAINK. 

The principal terminal moraine of the Delavan lobe is the Darien moraine, 
so designated from the fact that the village of Darien in western Walworth 
County stands on the outer margin of the moraine near the most southwesterly 
point reached by the Delavan lobe. The distribution of this moraine is shown 
on PI. IV. 

This moraine varies in width from 1 to Hi miles, its slopes usually present- 
ing very moderate relief. Between Richmond and a point opposite the head of 
Delavan Lake this relief is Init 20 to 40 feet, except where erosion of the bor- 
dering outwash deposit has increased it to 00 feet. Near the village of Walworth 
it reaches 100 feet, and south of Lake (ieneva the long slope rises 100 to 150 
feet above the low area at the south. From Lake Geneva to its junction with 
the V^alparaiso morainal system, south of Burlington, there is no regular outer 
slope, but the deposit is largely l)roken by irregular, winding, marshy depressions, 
from which the inunediate slopes rise 20 to 8o feet. 

The relief of the inner slope is even moie variable. Where lK)rdered by 
Turtle Creek the relief of GO to 1 lo feet is in part due to the subsequent deej)- 
ening of this valley. From Delavan to Lake Geneva, excepting the Delavan 
Lake basin and small eroded valleys on the north and south, there is no definite 
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inner slope and but 20 to 60 feet relief. At several places the terminal-niomine 
topography passes almost imperceptibly into that of the ground moraine. The 
bed of Delavan Lake lies 140 to 150 feet below the higher points opposite its 
head. By far the greatest relief is found in the slopes of the Lake Geneva 
basin. In the western part, between Cooks Camp and Camp Collie, the lake reaches 
its greatest depth, 142 feet. The elevation of the bottom here is 719 feet above 
the sea. This is 400 feet lower than the morainal crest 1^ miles southeast. 
Between the foot of the lake and Burlington the inner nmrgin of the moraine 
has, in part, a somewhat regular front, but elsewhere it is very irregular. Here 
the higher parts are near the inner margin, and abrupt reliefs of 40 to 120 feet 
occur. Much of the irregularity of this iimer margin occurs at the junction of 
the Elkhom and Darien moraines. 

From Richmond to Lake Geneva the prevailing surface contours are of the 
sag-and-swell type. The reliefs are very gentle in the inner part of the belt, 
but become somewhat stronger near the outer front. Some parts of the outer 
half are closely pitted with kettles 10 to 40 feet in depth, and gravel knolls 15 
to 40 feet in height occur. South of Lake Geneva some slight kettles are found, 
but for the most part the surface of the bulky ridge is marked by gentle undu- 
lations. From Lake Geneva to Burlington the topography is much more diver- 
sified. The morainal belt is interrupted by very irregular, marshy depressions' 
with abrupt surrounding slopes. The inner part of the belt has quite generally 
a strongly marked knob-and-kettle topography, where humps and hollows are 
closely crowded and 30° sloj)es and abrupt reliefs of 40 to 100 feet are not 
infrequent. Here and there are small basins, utilized as fields, surrounded by 
abrupt winding ridges of gravel. Eastward across the moraine the topog- 
raphy becomes more subdued, the relief decreavses, and, except about the margins 
of the marshy depressions, the knobs and kettles give place to sags and swells 
and gentle undulations. The irregular depressions unite to form two continuous 
valleys, which lead from the marshes along White River within the moraine to 
the marshy valley of Nippersink Creek within the Genoa moraine, and thence to 
the outlet through the latter moraine at Genoa Junction. 

At the heiid of the Geneva basin there is a sag in the Darien moraine, at 
an elevation of 1,000 feet, or 140 feet above the level of the lake, but neither the 
sag nor the surface of the outwash plain gives evidence of the passage of nuich 
water outward from the lake basin. Two miles north of the village of Darien 
the moraine is cut by a broad valley, which varies in width from one-half mile 
to li miles. Its broad, flat bottom, through which winds Turtle Creek, lies 80 
to 100 feet below the adjacent higher part^ of the moraine. This valley, which 
will be referred to as the Turtle outlet, was eroded by glacial waters subsequent 
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to the withdrawal of the ice from this moraine. Kettle holes occurring in the 
north slope to within 4<) or 50 feet of the valley bottom indicate the existence 
of a sag in the moraine at this point which doubtless determined the location 
of the valley. 

Judging from the surface exposures and the well records obtained, this 
morainal belt is mostly composed of sand and gravel. A well in the ridge south 
of Lake Geneva is 329 feet deep; of this at least 300 feet is in blue-clay till. 
A considerable part of the bulky deposit may have been formed at an earlier 
stage of glacnation. 

JOHNOTOWN TERMINAL MORAINE. 

Extending westward from the vicinity of Richmond, near which point the 
fronts of the Delavan lobe and the Green Bay Glacier diverged, is the Johns- 
town terminal moraine of the Green Bay Glacier. This moraine is so designated 
because the villages of Johnstown and Johnstown Center, in eastern Rock County, 
are situated near the most southerly points reached by the ice at this stage. The 
width of this moraine varies from three-fourths of a mile near Richmond to nearly 
5 miles farther west. 

Bordering this moraine on the south is an extensive outwash plain, fropa 
which the front of the moraine rises rapidly in places, but generally with gentle 
slope, 40 to 140 feet, to the undulating crest line, which varies in altitude between 
i)20 to 1,060 feet above the sea. In general the inner and outer slopes are much 
the same, biit on entering Walworth County from the west, as the interlobate 
angle is approached, the moraine narrows and the inner face becomes abrupt 
and high. 

In its surface contours this morainic belt is somewhat variable. Considerable 
areas of tlie inner half of the moraine have the gentle undulations of the ground 
momine, with slight sags and swells here and there. The surface is generally 
rougher in the out<*r half, where gravel knolls and kettles frequently occur. In 
general the surface contours of both the Johnstown and Darien moraines are 
much the same. More or less ice was buried in the morainal drift, as is evinced 
})y the sags and kettles, yet the intricate topography of the interlobate moraine is 
not to he found. This difference between the topography of the frontal and that 
of the interlobate moraines is general throughout the area and may be, in part 
at least, the result of the difference in the conditions under which the ice melted. 
Along the frontal margins when the ice melted the water flowed immediately 
away from the ice front in separate streamlets, washing the gravels as it went, 
so that there was less chance of burial of ice masses before they were melted. 
Between tlir contiguous ice slopes of an interlo})ate tract the water of the two 
glaciers unitcKl to form a considerable stream, which flowed along the intervening 



36 DELAVikN LOBE OF LAKE M£CHIOAN OLACIEB. 

trough, washing the gravels over frequent and considerable masses of ice before 
they had time to melt. In the interlobate tracts there was doubtless consider- 
able pushing up of moi*ainal material into an intricate series of heaps and ridges 
as the result of forward crowding of the contiguous ice fronts after intervals 
during which they had been melted back slightlv in c^ertain parts. Along the 
frontal margins such oscillations would probably be of the nature of overriding 
rather than pt plowing up or pushing up. 

The surface exposures of this moraine are very largely of till, but the rec- 
ords of the wells indicate that the great bulk is of sand and gravel. Fifteen 
wells ranging in depth from 120 to 238 feet, concerning which infoimation was 
obtained, were reported as almost entirely in sand and gravel after penetrating 
the superficial coating of till. 

Where the Johnstown moraine crossed the pre-Glacial Rock Valley southwest 
of Milton Junction, the crest lowers and a notable break occurs, forming the sag 
which is traveled by the Chicago and Northwestern Railway. This break is 
not wholly, at least, due to erosion, since its bottom is marked by inclosed 
depressions, the largest of which extends 100 feet below the level of the border- 
ing out wash plain. 

About 5 miles farther west, where the moraine crosses the pre-Glacial Cat- 
fish or Yahara Valley, the present Rock River has cut its channel. Two narrow 
breaks in the morainal crest near Richmond appear to have afforded temporary 
outlets for the water ponded behind the moraine after the withdrawal of the ice 
from the crest. 

INTERLOBATE DEPOSIT8. 

For nearly 7 miles northeastward from the village of Richmond the Darien 
and Johnstown moraines are combined into an interlobate deposit varying in 
width from li to 8 miles. Beyond this the Kettle raoi-aine consists of one indi- 
visible moraine extending northeastward, which bears the impress of a later stage, 
though it is probable that the deposition of the constituent material was begun 
while the Darien and Johnstown moraines were l>eing formed. 

On the west side of this interlobate tmct the slope rises abruptly' from the 
depressions in which lie Number 9, Whitewater, and Bass lakes to heights of 60 
to 140 feet. This slope is the ice-contact face of the Johnstowh moraine. There 
is generally a well-defined crest broken by kettles, gravel knolls, and ridges. 
There has been considerable subsequent filling behind the Darien moraine, but 
the eastern crest still stands 40 to 60 feet above the plain on the east. Farther 
south, where there has been less filling, there is an abrupt ice-contact face of 80 
to 120 feet relief. The crest on this side, which is also pitted with depressions, 
marks the Darien moraine. 
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Near Richmond the Johnstown crest is the higher of the two, but farther 
north this crest lowers somewhat and the Darien crest gains the ascendency. 
From the latter a flat resembling an outwash apron declines gently to the west 
to about the level of the western crest, but does not cross it. Near Richmond the 
gravel filling between the two crests is less uniform, being broken by sags and 
swells and some large depressions, so that it has more the appearance of a con- 
tinuous mominal deposit than an outwash from either side. 

Cutting across this interlobate tract is an eroded channel 20 feet or more in 
depth, which was probably developed at a subsequent stage as an outlet for 
glacial waters. 

The fact that the ice-contact face of each morainal member of this belt is 
clearly and, for the most part, even abruptly defined, and that there is no indi- 
cation that outwash from either moraine was carried across to the inner side of 
the other moraine, shows conclusively that the ice fronts were contemporaneous 
in their occupancy of the Darien and Johnstown moraines. There is here no 
indication of a difference in the vigor of the glaciers, though before the with- 
drawal from the interlobate tract the south front of the Darien glacier appears 
to have withdrawn from the Genoa moraine. 

Along the trough between the contiguous frontal slopes of the two glaciers 
doubtless much water collected, and a vigorous flow set in toward the point where 
the ice fronts diverged. A large part of the interlobate morainal drift was 
assorted by this drainage, and much of the finer material was carried on and 
commingled with that being washed out directly from the ice fronts along the 
Darien and Johnstown moraines. 

In this interlobate tract conditions were favorable for the burial of masses 
of ice, and, as a consequence, abundant kettles, some of large size, occur. Two 
miles northwest of the village of Heart Prairie there is an especially intricate 
topograph}' of abrupt winding gravel ridges and depressions, of which the angle 
of slope frecjuently exceeds 30^. Between the crests of the ridges and the 
bottoms of the immediateh^ adjacent hollows reliefs of 60 to 100 feet occur. 

The material exposed is mostly well rounded and ranges in size from coarse 
sand to cobblestones 8 to 12 inches in diameter. Some larger stones occur. 
The gravel deposit is usually covered with a coating of day, except on the steeper 
crests and slopes, where it outcrops through the thin soil. Two wells in the 
higher parts of this tract are said to reach the rock at depths of 255 and 236 feet. 
The material penetrated by the wells is principally sand and gravel, with occa- 
sional layers of ]>lue clay. In places hard blue clay is reached below the assorted 
material. 
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OUTWASH FROM THE DARIEN AND JOHN8TOWX TERMINAL MORAINE8. 

While the Delavan and Green Bay ice fronti* occupied the outer terminal 
moraines, very extensive bordering deposits of stratified drift were formed. The 
distribution of these deposits is shown on PI. IV, and the relations of these deposits 
to the pre-Glacial Rock and Troy valleys will be seen by reference to PI. II. 
That the discharge of glacial waters at this stage was large in volume and vig- 
orous in its flow is shown by the extent and character of these deposits of gravel 
and sand. The more sluggish waters of the closing stages spread over the whole 
a coating of loamy day varying in thickness from a few inches to 15 or 20 feet, 
so that few more fertile areas are to be found in this region. 

The amount- of tilling in these pre-Glacial valleys is very considerable. The 
plain or terrace which forms the surface of this deposit has an elevation of 9(»0 
feet above the sea at the front of the moraine north of Janesville. Here there 
must be at least 450 feet of filling. The terrace declines southward, so that at 
the State line, 16 miles away, it has lowered 100 to 120 feet, and here there is 
probably at least 300 to 350 feet of filling. 

Big Foot Prairie, at the front of the moi'aine near Walworth, has an ele- 
vation of 1,000 feet above the sea. If the projection of Troy Valley is correct 
there must be at least 500 feet of tilling here outside the moraine. 

Where till or "hardpan'' occurs below the sand and gmvel, this till is 
prolmbly to be referred to an earlier stage of glaciation, but where little else 
than sand and gravel occurs there is no means of determining how" much of the 
tilling was deposited during the stage under discussion and how much belong-s 
to an earlier stage, even where deep wells penetrate* the deposit. There was 
undoubtedly an earlier glacial tilling and probably considerable inter-(ihicial 
erosion. Of 140 wells on the outwash plains, concerning which information was 
obtained, 114 penetrated only sand and gravel below the supi^rticial coating of 
clay. Numerous other wells penetrated beds of clay or '^hardpan,'' especially 
in the lower part of the section. 

The tributary of the pre-Glacial Rock Valley south of the moraine, in east- 
ern Rock County, shallows rapidly to the eastward, so that over the divide south- 
east of the village of Johnstown Center there is but 85 to 40 feet of gravel. 

From the village of Richmond to a point alK)ut 4 miles southeast of the vil- 
lage of Darien such of the waters from the front of the Delavan lobe as did 
not cross the divide to the west found their way to Rock River by the valley 
of Tuitle Creek. That the flow through this valley was vigorous is shown by 
the extensive deposit of coarse gravel leading into this valley, and b}^ the like 
deposit extending from the foot of the rock gorge north of Clinton Junction to 
Rock Uiver. That a considerable part of the gravels between this gorge and 
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the State line were really washed through this Turtle Valley is clearly shown by 
the following facts: First, the surface of the deposit declines westward from the 
foot of the gorge; second, the gravels are coarser where the eastern contribution 
comes in, and thence southward, than north of this junction; and third, most of 
the exposures, esj^ecially in the eastern part of the deposit, show higher per- 
centages of Niagara limestone tlian those north of this junction, thus indicating 
drift of easterly derivation. 

The character of these gravels where cut by the Chicago, Milwaukee and 
St. Paul Railway, 2^ miles northwest of Aliens Grove, is shown in PI. VII, B. 
Between the Darien moraine and the Turtle Creek rock gorge very extensive 
erosion of these gravels took place during the subsequent recession of the 
glacier. An extensive lower plain was developed by the erosion of 20 to 30 feet, 
and in this lower terrace was cut, still later, the channel, about 20 feet in depth 
and 80 rods Jn width, whose bottom foniis the present flood plain of Turtle 
Creek. A second channel cut in these gravels joins Turtle Valley from the 
north, so that only the highest terrace in the area west of Darien is to l)e corre- 
lated with the formation of the Darien moraine. Besides the present valleys of 
Rock River and Turtle Creek, this terrace is trenched to a limited extent by 
tributary' ravines. 

The outflow from the ice fronts nmst have been vigorous to have handled 
so much coarse material, though it is possible that floating ice may have assisted 
in tmnsporting the larger stones. Within 2 to 3 miles of the Johnstown 
moraine a large part of the material exposed is of pebbles 3 to 6 inches in 
diameter. At the Chicago, Milwaukee and St. Paul Railway gravel pit, in the 
north part of Janesville, a large part of the pebbles reach 4 inches and not a 
few are JS and 10 inches in diameter. Some stones of this size are seen 7 miles 
from the moraine. From the south part of Janesville to the latitude of Afton 
the great bulk of the material is coarse sand and gravel less than 2 inches in 
diameter. 

P'rom that part where the outwash from the Darien moraine comes in from 
the Turtle outlet southward to the State line there is more coarse material as a 
consequence of the iiicn^ased volume of water. With the finer material there is 
very much gravel ranging from 4 to 10 inches in diameter. 

Considering the volume* of this discharge, the fact that no outwash crossed 
to tli(» low areas })ehind either the Johnstown or the Darien moraine in the 
interlobate tract northeast of Richmond appears to be conclusive proof that the 
Green Bay (i lacier and the Delavan glacial lobe withdrew simultaneously from 
these morain(\s. On the other hand, the relations of the morainal and outwash 
deposits south of Burlington leaxe little ground for doubt as to the contempora- 
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neous occupancy of the Darien moraine and the Valparaiso moraine by the 
converging fronts of the Delavan lobe and the main Lake Michigan Glacier, 
respectively. The Johnstown, Darien, and Valparaiso moraines were thus con- 
temporaneous in origin, while Marengo Ridge and the composite morainal belt 
on the east are of earlier age, probably having been deposited during an earlier 
advance of the Wisconsin stage. 

The glacial drainage from the ice fronts in southwestern Kenosha County 
and southeastern Walworth County escaped by the Nippersink outlet through 
the Genoa moraine at Genoa Junction. From this time until the ice had almost 
entirely disappeared from Walworth County and southwestern Waukesha County 
this Nippersink outlet was an important factor in the development of the area. 
In this tract between the Darien and Genoa moraines the very gently undulating 
ground moraine tracts and those underlain by outwash gravels have not been 
very satisfactorily distinguished. 

DKOLACIATION OF THE AREA. 

(JKXKHAL RELATIONK. 

The process of deglaciation of the area appears to have begun with the 
melting back of the south front of the Delavan lobe from the Genoa moraine, 
but the retreat of the ice fronts did not become general until the completion of 
the Darien and Johnstown moimines. When this was accomplished the front of 
the Green Bay Glacier withdrew from the Johnstown moraine, and that of the 
Delavan lobe abandoned the Darien moraine. Whether there was a considerable 
retreat followed bv a readvance to the position of the inner moraines, or whether 
the intervals of a few miles between the hmer and outer moraines mark the full 
extent of the wasting of the glaciers at this time, is not known. 

During the several stages in the deglaciation of the area the glacial waters 
pla3^ed a very important part in the development of the phenomena of this area, 
and in this process the determining factors were the relations of the ice fronts 
of the Green Bay and Delavan glacial lobes and the successive opening of lower 
and still lower outlets for the glacial drainage. 

ELKHOKN TERMINAL MOKAIXE. 

If the melting back of the south front of the Delavan lobe from the Genoa 
moraine to the Darien moraine be regarded, as the first stage in the deglaciation 
of the area under discussion, the close of the second stage would be indicated 
by the formation of the Elkhorn moraine of the Delavan lobe and the Milton 
moraine of the (ireen Bav Glacier. The distribution of these moraines and 
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the relations of the ice fronts are shown on PL V. A slight intermediate 
morainal belt lies east and northeast of Delavan. 

The Elkhorn terminal moraine, which lies 8 or 4 miles within the I^rien 
moraine, takes its name from the fact that it passes just west of the cit\' of 
Elkhoni. This moraine varies in width from one-half mile to 2 miles, with a 
relief of 20 to (JO feet. Crossing the valley of Jackson Creek the moraine rises 
to the elevated tmct where, as previously noted, it crosses wliat appeals to be 
the northward (extension of the Marengo Ridge. A belt of gravel knolls and 
kettle holes descends from this elevated tract, crosses the sag between the heads 
of Lake Como and Williams Ba\'. and can be tmced for 2 miles along the 
northern slope and (rrest of the ridge separating the two lake basins. A })(»lt of 
similar mominal character extends eastward from the same elevated tract along 
the slop«» forming the nortli side of the Lake Como basin. Morainal characters 
are also shown by the bulk\' ridges running thence northeastward toward the 
village of Lyons. Interrupted areas of knob-and-kettle topography <*onnect this 
))elt with the inner pirt of the Darien moraine. Near the Racine County line 
the moraine swings northward toward Burlington. Here the knob-and-kettle 
topography is very strongly developed. 

The west front of the Lake Michigan (ilacier still occupied tlie morainal 
})elt west of Fox River, and the junction of the two ice fronts formed a 
reentrant angle, near the apex of which stands the city of Burlington. The 
conditions of deposition in this interlobate angle were peculiarly favorable to 
the ])urial of masses of ic(» in the morainal and outwash debris, so that an area 
of very rough to]X)graphy was produced. In the western lialf of this interlo})ate 
tract there is a bulky morainal deposit a mile or more in width, with a relief 
of 5(^ to 12U feet abov(» the White River lM)ttom on the west. In the eastern 
half the deposit is nuicli weaker and is interrupted })v marshy depressions. 
This difference in strength may be an indication that by this time the vigor of 
the main glacier was beginning to wane. 

A marsliy depression betw(»en these two parts connects with a similar valley 
along the south front of the Darien moraine. This channel, and two irregular 
breaks in the Darien moraine between Burlington and Geneva, allowed the glacial 
waters to escape to the Nippersink outlet at Genoa »J unction. 

The bulky ridge l)etwe(»n Springfield and White River, and between Lake 
Geneva and Lake Como, is very largely of till. In places the morainal features 
have the appearance of IxMug superposed on a preexisting drift ridge. As in the 
case of the ridge south of I^ake Geneva, it is not improbable that the drift of 
these ridges may, in large part, liave ])een deposited during an earlier glacial stage. 



42 DELAY AN LOBE OF LAKE MICHIGAN GLACIEB. 

A well near the crest of the ridge, about 2 miles east of this exposure and 
1 mile west of Geneva, was said by the driller, Mr. John Miller, of Genoa 
Junction, to hav^e penetrated 317 feet of clay over the limestone. Frequent 
exposures along the crests and slopes of these ridges, however, show gravel. 
PL VI, J., shows the character of much of this morainal material. It ranges 
from fine gravel and coarse sand to small bowlders a foot or more in diameter, 
and, as elsewhere, 80 to 90 per cent of this is limestone. In some exposures the 
finer material is stratified and cross bedded, but usually there is little more 
definite bedding than can be seen in the illustration. The pebbles are generally 
well rounded and rarely show the striated facets seen on the stones in the till. 
The gravel deposits are generally coated with clay and humus, but on the more 
abrupt knolls and steeper slopes the soil is very thin. 

The point of junction of the fronts of the Delavan lobe and Green Bay 
Glacier at this stage was removed to the vicinity of Lagrange Center, a position 
about 9 miles northeast of its former location. This position allowed the out- 
wash from a frontage of 3 miles of the Green Bay Glacier to be discharged into 
the low area behind the Darien moraine, where it commingled with that from 
the Delavan lobe and built up the deposit of sand and gravel underlying Heart 
Prairie. On the further withdrawal of the Delavan ice front that part of the 
area behind the Elkhorn moraine which lies between the Kettle moraine and 
Sugar Creek Valley was filled with outwash, which so far buried the Elkhorn 
morainal deposits that only the higher parts rise above the outwash plain and 
can be distinguished therefrom. There is thus a measure of uncertainty in the 
statement that the junction of the ice fronts at this stage was in the vicinity of 
Lagrange Center. As will bo noted from the description of the conditions, 
however, this uncertainty is not great. Near Lagrange Center the gravel plain 
between the Darien and Elkhorn moraines is slightly liigher than the outwash 
deposits to the east, and the two tracts where not separated by higher morainal 
deposits are separated by a narrow channel leading southward from Lagrange. 
This appears to have been developed by the southward flow of the water after 
the Delavan ice front had withdrawn somewhat to the eastward. Farther south, 
where the latter plain is lower, the channel cuts across it between the Wllages 
of Millard and Tibbett. 

Besides their greater elevation, the higher mo mi nal tracts are distinguished 
from the surrounding outwash by the undulating surfaces, by the occurrence of 
till, and by the occurrence of bowlders on their surfaces. Bowlders are absent 
from tlie surrounding outwash plain. The burial of the great masses of ice, 
whose subsequent melting formed the basins of Otter, Lauderdale, and Pleasant 
lakes, occurred at this time. 
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MILTON TERMINAL MORAINE. 

It has alread}' been shown how, at the west, the Green Bay Glacier spread 
out 40 to 60 miles from the main axis of the movement. On the south, also, 
the deployment of the ice was unrestricted. On the east, however, the glacier 
did not reach the full limit of its power to advance, but was stopped midway 
in its extension by the opposing front of the Lake Michigan Glacier. When 
the melting of the Green Bay Glacier began, it would be expected that the first 
withdrawal from the outer terminal moraine would be on the south and west, 
while the east front continued pressed against the interlobate moraine. This 
appears to be just what happened. 

laying within the Johnstown moi^aine, nearly parallel to it and separated 
from its inner border by a space averaging about 2 miles in width, is an inner 
morainal belt marking the first stage in the retreat of this glacier. From its 
strong development in the town of Milton, and its relation to the villages of 
Milton and Milton Junction, this moraine may be conveniently referred to as 
the Milton moraine. The distribution of this moraine and the accompanying 
gravel terrace is shown on PL V. Its formation appears to have been contem- 
poraneous with the Elkhorn moraine of the Delavan lobe. 

That part of the Kettle moraine extending from the junction with the 
Elkhorn momine, near Lagrange Center, southwestward to a point about 1 mile 
north of Bass Lake, though doubtless l>cgun as an interlobate moraine while 
the Darien and Johnstown moraines were being formed, was completed as a 
part of the Milton terminal moraine. This is shown by the relations of the 
gravel terrace bordering it on the south. North of Bass Lake this moraine 
joins a complicated morainal tract at the north end of the interlobate* deposit 
descri})ecl as resulting from the coalescence of the Darien and Johnstown 
moraines (PI. XI). Lying across the north end of this interlobate tract, the 
Milton moraine continues, with two narrow breaks, to the point of its distinct 
s(»paratioii from the earlier moraines. North of Bass Lake the moraine is 
com|X)sed of a single bulky ridg(» with nearly 150 feet of relief on the south. 
This great relief appears to be due to the fact that the continuance of very 
considerable masses of i((» in the angh* between the Johnstown and the Milton 
moraines prevented the tilling of the area with outwash. PI. VIII, B. ^ives 
glimps(»s of the knobs and ridges of gravel surrounded ])y low marshy tracts in 
this angle Ix^hind the Johnstown moraine. In northwestern Walworth (younty 
the moraine is narrow and ridge-like, with an abrupt ice-contact face, rising SO 
to '200 fe(»t aljove the marshes. The crest and slopes are generally pitted with 
kettle holes and the* outer front, except in the vicinity of Bass and Whitewater 
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lakes, is Iwrdered by an outwash apron, above which the undulating crest of the 
moraine rises 15 tt> 60 feet. 

Westward to Rock River, in northeastern Rock County, the moraine is broader 
and less abrupt. From a narrow ridge it spreads out in a belt varying from 
1 to 3 miles in width. It is marked here and there by sharply knobbed and 
pitted areas, but for the most part the topography is one of gentle sags and 
swells, with inclosed marshy depressions. Where the moraine crosses the pre- 
(flacial RiH»k Valley the irregular surface indicates the burial of very much ice. 
A notably largt> depression is that in which lies Clear Lake, li miles northwest 
of Milton tFunction. This has a length of nearly 2i miles, a breadth varying 
fnmi 40 nnls to one-half mile, and a depth of t>0 feet or more. 

Inuweiliately north of this moraine lies the liasin of Lake Kixshkonong, 
whk^h is due to the damming of the pre-iilacial valley !>y the morainal deposits. 

TKKKACKS OV OITWASH SANl> AXl> IJRAVRL ASa*HnATKI> WITH THE FtlRMATIOX OF THE ELKHORN AND 

MILTi^X MORAlKf&i. 

In gt^neral, Uvss extensive dejxisits of outwash material were associated with 
the fonuation i»f the Elkhorn and Milton moraines than lK>rder the outer terminal 
UH^nunes. These de|HKsits were limited to a large extent by the inner slopes of 
the outer nK^raines. IVyond these limits the glacial waters accomplished i^onsid- 
emhle er\>sion. 

As has alnmdy Uvn shown, tlie jHunt of junction of the fronts of the Dela- 
V5in Wh^ ami the (mvn lUy (i lacier >\*hs removevi to the vicinity of LagTAnge 
iVnier when the KlklH>rn moi^ine >\'hs U^ng fonmni, a i^iositiim about I* miles 
iH^nht^tist of Kii'hnK>iHl« its KK*ation at the previtnis stage. This position allowed 
the gn^vel-lH^ring water fn>m a fn>ntagt^ of 8 miles on ike Green Bay tilacier 
lo Iv dir^^harg^ni into the low an^ Ivhind the I>iirien nH>nui)e« where it i-om- 
mii^kHl with thai fn^iu tht^ IX^Iavan loK\ This ouitk>w wt^s unnesiricted and 
xigv^fvHis, s*^ thai the intenuorainal an^ receivtHi a tilling of sand ami gravt-K 
whi^^i exlemls as far smith as the \*allev ixxnipie^l by the beads of Sugar and 
TurtW on>*ks* a disiamv of t> to 7 miU^ frmn the Mihon migraine. As in the 
v^ther vHilwash apn^^s. the ^J^iml and gravel i< genewlly coaled with a few 
reel ^^f \^fciy ami pnurit^ K>aiu, i>ti this lemitv slamls the village of Heart 

At lh«^ friM^I of tht^ Milton nn^raine this lerra^v has an elev^tli^'^n of 5«Ni» fert 
aK^Yv^ >*?tii level. The hight^r j^rts of tW iiarn^w, brv4ien. ridge-like ervst of ibe 
sx^rau^ Ti>^ 4^^ to tV* fe^^l aKne it, Kfx^u the ekn^tiiMi i»f 5«>»» feet at the 
ttX'inucie the tem^-v ^Wlim^ to an eh^x^ii^M) of ;«lo to v»:^« fwl at Turtle Cr^ek 
YaBev, Kxwptiug tw%^ >lightly elevate^! iraels of drift \tepcksiu\i Sy the DelavaB 
g^ftmal k>»Se whvii ai>^ sumnimkvl by ^Miiwmsh material, ami the vie|w^i^kl«l occti- 
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pied by Holden Lake, in which a great umss of ice must have been buried, this 
plain is nearly as flat as a floor, the uniformity being broken only by occasional 
slight sags. 

The disposition of the deposit indicates that the outwash was principally from 
the Green Bay Glacier. The percentages of Niagara limestone, shown in Table F 
(p. 93), are intermediate between the low percentages of Niagara material in the 
Milton moraine and the high percentages of material from the same formation in 
the Elkhorn moraine, so that more or less mixing probably occurred in the dis- 
charge from the trough between the contiguous ice fronts north of Lagrange 
Center, even if there was but little outwash from the Elkhorn moraine itself. 

Of 17 wells on this terrace and the adjacent moraines, concerning which 
information was obtained, 5 were reported as reaching limestone at depths rang- 
ing from 200 to 235 feet. The deposits penetrated by three of the deeper wells 
were stated b}- the owners to be as follows: 

Lof/ of George MacDougal well in SW. J sec. 29^ Lagrange ToiimMp. 

Feet. 

Clay 3 to 5 

Coarse gravel 70 

Sanil 125 

Limestone at depth of 200 feet. 

Log of J. W. Duncim veil in SIV. J aec. 33 y Lagrange Toicwthip. 

Feet. 

Drift, probably pravel 65 

Clay 80 

iiuifksand ? 

Clay 40 to 50 

Sand ? 

Hard bluish liinentoiie 12 

Depth 247 

Log of William Sherman irell in SE. J aec. .>, Sugor Creek Totniship. 

Feet. 

Clay Few 

Coarse gravel 45 to 50 

San<l .• 50 

I lard pan 20 

.Sand and gravel .' 100 

Depth 222 

Two or three wells about H miles northeast of the village of Heart Prairie 
peneti'ated about 180 feet, mostly of '* hard pan."' This is probably till deposited 
by the Delavan lobe and subsequently buried })v outwash material. Most of the 
wells are in gravel and sand. Besides such material as was washed out from the 
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front of the Delavan glacial lobe at this stage and mingled with that from the 
Green Bay Glacier in forming this deposit, a certain amount of outwash material 
is found bordering the Elkhorn moraine in the area west of the city of Elkhorn. 
A like deposit, about 2 square miles in extent, occurs east of Delavan Lake. The 
gravel terrace at the foot of I^ake Geneva, on which the city of Geneva now 
stands, was probably' formed at this time, and a certain amount of material may 
have l>een washed into Williams Bay at the same time, though it does not appear 
that the lake Ijasin received as much filling as might be expected to have occurred. 

The interval between the Milton and Johnstown moraines is occupied by an 
outwash gravel plain varying in width from a few rods to 2 miles (PI. V). 
This is well developed in northwestern Walworth County for about 4 miles east 
of the count}" line, also to the east of the village of Milton and to the west of the 
village of Milton Junction. In the first of these tracts the moraine and the 
outwash are clearly distinct, the morainal crest rising 15 to 40 feet above the plain, 
which slopes gently away from the moraine. Farther west the morainal front is 
less distinct from the outwash. In passing from the moraine to the outwash apron 
in this part the surface lowers and the depressions become less frequent until they 
disappear almost entirely. The boundary line between the two areas is drawn 
more or less arbitraril}'. 

The obstruction to the westward flow of the water ponded between the Milton 
and Johnstown moraines in the adjacent parts of Walworth and Rock counties 
caused an overflow through two narrow sags near the village of Richmond. The 
water thus escaping reached Turtle Creek near Fairfield post-oflice by the channel 
leading southward from the village of Richmond, which is cut in the outwash 
plain. A similar channel across the combined Johnstown and Darien morainal 
deposits between Whitewater and Holden lakes, southwest of the village of Heart 
Prairie, allowed some of the water to escape to the low area east of the Darien 
moraine. 

ROCK KIVER. 

When the formation of the Johnstown moraine was nearly completed, it is 
proba})le that the outflow began to concentrate itself along the west side of the 
outwash plain and to develop the channel of the present Rock River. As the 
ice withdrew from the Johnstown moraine the waters ponded behind the morainal 
crest and found an outlet through a sag where the moraine crosses the pre-filacial 
Yahara or Catfish Valley, so that while the Johnstown moraine was being formed 
the river headed north of the Johnstown moraine. Rock River became the outlet 
for all the wat«Ts discharg(Hl into the tract })etwecn the moraines from a point 4 
miles southeast of Whitewat(»r to the middle of the southern part of Dane County, 
a glacial frontage of nion* than 45 miles. The relative (»l(»vations of the various 
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sags in the crest of the Johnstown moraine show that the initial elevation of the 
sag where the discharge located itself was not more than 850 feet above sea level. 
The present elevation of the bottom of the channel at the front of the Johnstown 
moraine is about 750 feet above the sea. But very little of this water appears 
to have gone through the sag southwest of Milton Junction, though the elevation 
now is but 900 feet above the sea. The outwash plain opposite this sag is but 
very little eroded. 

The character of the valley of Rock River north of Janesville is shown in 
PI. VII, ^1. The moraine is dimly seen in the distance; on the right the gravel 
bank rises steeply 150 feet from the water's edge to the lev^el of the outwash 
plain. A short distance below the bend shown in PI. VII, ^1, after cutting 
through the outwash gravels, the river encountered a ridge of limestone over 
sandstone. The same thing occurred at two points below Janesville, as will be 
seen by reference to PI. II. This was due to the fact that the new stream, 
instead of following the axis of the pre-Glacial valley, chose a course close to 
the west side of the outwash plain. In eroding its channel the stream was 
superimposed on salients of the rock slope at several points. Later, when the 
ice front withdrew from the Milton moraine and the stream extended itself across 
the divide between the pre-Glacial Yahara, or Catfisli, and Rock River valleys, as 
the outlet of I^ake Koshkonong, it was forced to cut its channel in rock for a 
mile or more above Fulton Center. It also encountered the rock at a point 2 
miles east of E<lgei*ton, near the Newville }>ridge. 

TURTLE CREEK OUTLET. 

The disposition of the glacial waters discharging into the area behind the 
Darien moraine at the time the Elkhorn and Milton moraines were being formed 
led to the development of an outlet through the Darien moraine and the erosion 
of a large amount of the gravels previously deposited outside. 

When the front of the glacier was melted back from the crest of the Darien 
momine, in the western part of Walworth County, the glacial waters, i>onded 
between the morainal crest and the retreating ice front, found an outlet through 
a sag at a jxjint west of the city of Delavan. That there was an initial sag 
in the crest of the moraine at this place appears from the fact that kettle 
holes occur in the nortli slope of iho valley at one place down to within 40 
or 50 feet of the bottom of the valley, showing that not alt of the slope was 
due to erosion. This sag was deepened and widened by the outflow until a 
valley varying in width from one-half mile to H miles was developed. This 
valley is now traversed by Turtle CnM'k. so that it may he conveniently referred 
to as the Turtle Creek outlet. From the tim(» of the withdrawal of the ice front 
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correlated with the development of the Turtle Creek outlet throuj^h the Darien 
moraine. 

East of the head of this rock gorge three distinct stages may be traced in 
the development of the topography now seen. At the first the upper terrace or 
main gravel plain was formed, as previously described. North of Turtle Creek 
this lius been but little modified })v subsequent erosion. South of the creek, to 
the border of the older drift area, only remnants of these high-level gravels 
remain. One of these, a terrace varying in width from one-half to 1 mile, 
borders the moraine front. Parts of this terrace i"etain the original elevation, 
but more or less erosion has occurred. Except for these remnants, over an area 
of nearh' s sijuare miles, lying mostly south of the creek, these gravels have been 
removed to a depth of 20 to 50 feet, forming a gently undulating plain that distance 
l)elow the level of the upper terrace north of the creek. This erosion appeara 
to hav(» lu^en accomplished between the time of the withdrawal of the ice front 
from the Darien moraine and its subsequent retreat from the Elkhorn moraine. 
A glimpse of the relations of the upper and lower teri*aces may be had in PI. 
VII, li. This view was taken in eastern Rock Count}', where the Chicago, 
Milwaukee and St. Paul Railway passes from one terrace to the other. 

The top of the cut in the left foreground marks the level of the upper 
terrace. From this the surface drops down 30 to 40 feet to the right, in a steep 
erosion slop(\ to the lower terrace, which is seen in the right }>ackground. 

The low(>r terrac(» continues northeastward as the bottom of the Turtle outlet 
through th(» Darien moraine. This ten-ace, which is now cut by the meandering 
course of Turtle Creek, reaches an elevation of 940 feet about 1 mile north of 
the <ity of Delavan, where it stands 40 feet above the neighlmring flood plain 
of the cnM'k. This is a rise of 60 to 70 feet in S or 9 miles from the points 
shown in PI. Vll, B. The surface app(»ars to have })een developed by a current 
that shifted its course as the valley deepened. The incoming of the vigorous 
flow from the north, behind the Darien moraine, crowded the eroding current 
against the south si(i(» of the valh\v near Delavan. From here it was deflected 
sharply to the northwest, th(Mi to the southwest. The continued deflections in 
gradually shifting courses appear to have been the cause of the remarkably 
extenNJvc (Mosion in the area west of the Darien morainal front. As the valley 
north of Delavan deepened, tin* outflow from the Elkhorn moraine deepened its 
course, so that, instead of tinding a contimiance of this lower terrace from the 
east side of Turtle Creek Valley to the front of the Elkhorn moraine, we find a 
broad vall(\v heading in th(» bn^ak in the slight intennediat(» morainal belt north- 
east of Delavan, through which the Elkhorn waters found egress. 
WS^;— No. 'M-—k\A { 
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from the Darien moraine until the openinjjf of Sugar Creek Valley this outlet 
was of great importance. From the crest of the ridge northwest of Williams 
Bay to the southwestern part of Waukesha County, a frontage of nearly 20 
miles on the Delavan Glacier, most of the water from the melting ice went 
through this outlet. When the Elkhorn moraine was passed a part of this flow- 
was diverted southward to the valleys })etween Lake Geneva and Burlington, and 
thence to the Nippersink outlet at Genoa Junction. 

In addition to the flow directly from the frontage of the Delavan glacial 
lobe, that part of the Green Bay glacial drainage which was forming the terrace 
on which the village of Heart Prairie stands escaped to this outlet after depositing 
its load. The interlobate drainage from the two glaciers for an undetermined dis- 
tance to the northeast also made a large contribution until the Green Ba}' front 
withdrew from the interlobate moraine. It is possible that even after this with- 
drawal a certain amount of water from this glacier, ponded between the retreating 
ice front and the moraine, found egress eastward across the morainal crest through 
some of the numerous sags, and joined the flow to the Turtle outlet. 

After passing the Darien moraine by this outlet the waters found their way 
across the bordering outwash plain, and, as at the time when the Darien moraine 
was being formed, followed the present course of Turtle Creek through the rock 
gorge northeast of Clinton Junction and thence to Rock River. 

For about 2 miles, where Turtle Creek cuts through the pre-Wisconsin drift 
area in eastern Rock County, the present valley is constricted. In this part the 
stream is bordered by a flood plain 20 to 40 rods in width, from which the side 
slopes rise to heights of 80 to 100 feet, the lower 60 or 70 feet of which is cut 
in (ralena limestone. On the north side the rock is exposed in vertical bluffs. 
The south side is less abrupt. At the east and west ends of this gorge the 
limestone is overlain with outwash gravels (PI. VI, Ji). At the east end these 
gravels reach' a level 60 to 65 feet above the present stream. It is probable that 
this rock gorge marks the position of a col at the head of the broad pre-Glacial 
valley which opens out to the westward from its foot. This col was tilled, up to 
the level of the higher terrace, with gravels washed out from the Darien moraine. 

The vigorous outflow from the Turtle Creek outlet after the withdrawal of 
the ice front from the Darien moraine excavated much of these gravels, and 
subsequent erosion brought the valley bottom to its present position. It was 
reported to the writer that piling for the bridge near Winegar's quarry, north 
of Clinton Junction, was driven 18 feet in the valley bottom without striking 
rock. This report was not verified, but, if it is correct, it indicates that consider- 
able tilling remains in the bottom of the gorge, and that the rock cut can not be 
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The waters continued to come to this outlet from the north for a considerable 
time after the retreat of the ice front from the Elkhorn moraine, until the Sugar 
Creek outlet was opened. The flow gi-adually established itself in the broadly 
sinuous course of the present stream and developed a broad channel whose banks 
rise 10 to 40 feet to the variable surface of the lower terrace on either haiid. 
To the east and south of Fairfield post-office the bank rises 60 feet from the 
flood plain of the creek to the upper terrac^e. 

Before the Turtle Creek outlet was fully opened there appears to have been 
more or less of a discharge through the narrow breaks in the crest of the Darien 
moraine about 1 mile southeast of the village of Richmond. This was joined by a 
flow from the Green Bay Glacier through two narrow sags near the same village. 
The stream formed by the confluence of these outflows flowed southward for 2 
miles close to the morainal front, where it eroded a channel 40 to 80 rods in 
width and 20 feet in depth. At the north line of the town of Darien this 
channel swings westward away from the morainal front. Near the east line of 
Rock County it turned to the south and finally joined the flow from the Turtle 
Creek outlet at a point one-half mile east of Fairfield post-office. The valley at 
this point is now 60 feet in depth. 

OKIGIN OF LAKE (JK.VEVA AND LAKE COMO. 

With the retreat of the glacier to the Elkhorn moraine is to be associated 
the origin of Lake Geneva, one of the most beautiful of Wisconsin's manv lakes. 
This lake, situated in southern Walworth County, is nearly 8 miles in length; 
its width varies from one-half mile to 2 miles, and the bottom of the trough 
in which it lies is 200 to 40^) feet below the crests of the Elkhorn momine 
on the north, the Darien moraine on the south, and the ridge, supposed to be 
the extension of Marengo Ridge, on the west. At the east the trough is more 
open, yet, instead of deepening toward the outlet, the lake gradually shallows in 
this direction. The lake reaches its greatest depth, 142 feet, in the western part, 
between Camp Collie and Cooks Camp. At the foot of the lake there is but a 
few feet of water. It is very evident that the basin was not produced by post- 
Glacial erosion. 

The mode of its formation appears to be this: The earlier glacier of the 
Wisconsin stage, which formed Marengo Ridge, moved westward down the pre- 
Glacial Geneva Valley to its junction with Troy Valley. During the advance 
the valley afforded a line of discharge for the glacial waters, which flowed south- 
ward through Troy Valley. When the advance ceased Marengo Ridge was formed 
as a terminal moraine. This drift dam blocked the outlet of the valley, but 
where it crossed the pre-Glacial depression there was a considerable sag in its 
crest. Through this sag much water from the final melting of this glacier escaped, 
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and this trenched the drift dam and kept the valley open. The tributary valley 
in which lies Lake Como discharged its waters into (leneva Valley by the way 
of Williams Bay. It is not improbable that these valleys afforded the principal 
outlet for the glacial waters of western Kenosha, southern Racine, and south- 
eastern Walworth counties, until the ice front had retreated 25 to 35 miles to 
the eastward. 

During the late Wisconsin invasion the ice of the Delavan lobe advanced 
southward across (leneva Valley and formed the Genoa and Darien moraines, the 
latter of which again })locked the outlet of Geneva Valley, at the same time 
leaving that part of the valley within the moraine unfilled with drift. There is 
a sag in the crest of the Darien moraine opposite the head of the lake, but its 
elevation, 1,000 feet above the sea, is so much greater than that of the Nippersink 
outlet at Genoa Junction that the westward discharge of the waters was not 
resumed on the withdrawal of the ice front to the Elkhorn moraine. The valley 
thus remains closed by a 280-foot dam of drift. When the Elkhorn moraine was 
formed the valle}' occupied by Lake Como was cut off by the moi*ainal deposit 
between the heads of Lake Como and Williams Bay, and the^ last of the drift 
composing the bulky ridge to the east was deposited. 

The south slope of the ridge north of Lake Geneva, on which the ice front 
rested for a time, shows considerably more erosion than docs the north slope of 
the same ridge; this was not improbably due to the discharge of the glacial 
waters into the lake basin. Probably, also, more or less material was washed 
into Williams Bay at this time, and at the foot of the lake the gravel terrace on 
which the village of Geneva stands was formed. The remarkable thing, however, 
is that the basin did not receive more tilling than it did. The ice must have 
continued longer in the basin than on the neighboring ridges, so that a filling 
of ice may have prevented an}' considei'able filling with drift until the ice front 
abandoned the crest on the north. The disappearance of the ice from the White 
River and Como valleys left the lakes in their present conditions, excepting that 
the level of Lake Geneva is now maintained })y an artificial dam. 

ORIGIN OF DELAVAN LAKE. 

It can not now be determined to what extent the pre-Glacial Troy Valley 
between Delavan Lake and the Sugar Creek Valley was filled by pre- Wisconsin 
drift. Farther to the northeast the trough was suflSciently open to bring about 
the development of the Delavan lobe, but in this part just ncn'th of the lake 
much of the great thickness of drift ma}' be the remains of older sheets. The 
exposure of reddish till, like that of the older drift area, in the slopes north of 
the lake has raised a suspicion that the ridge there may be largely of older drift, 
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The waters continued to come to this outlet from the north for a considerable 
time after the retreat of the ice front from the Elkhorn moraine, until the Sugar 
Creek outlet was opened. The flow gradually established itself in the ])roadly 
sinuous course of the present stream and developed a broad channel whose banks 
rise 10 to 40 feet to the variable surface of the lower terrace on either haiid. 
To the east and south of Fairfield post-office the bank rises 00 feet from the 
flood plain of the creek to the upper terrac^e. 

Before the Turtle Creek outlet was fully opened there appears to have been 
more or less of a discharge through the narrow breaks in the crest of the Darien 
moraine about 1 mile southeast of the village of Richmond. This was joined by a 
flow from the Green Bay Glacier through two narrow sags near the same village. 
The stream formed by the confluence of these outflows flowed southward for 2 
miles close to the morainal front, where it eroded a channel 40 to 80 rods in 
width and 20 feet in depth. At the north line of the town of Darien this 
channel swings westward away from the mominal front. Near the east line of 
Rock County it turned to the south and finally joined the flow from the Turtle 
Creek outlet at a point one-half mile east of Fairfield post-office. The valley at 
this point is now 60 feet in depth. 

OKKilN OF LAKE (JENEVA AXI> LAKE COMO. 

With the retreat of the glacier to the Elkhorn moraine is to be associated 
the origin of Lake Geneva, one of the most beautiful of Wisconsin's many lakes. 
This lake, situated in southern Walworth County, is nearly 8 miles in length; 
its width varies from one-half mile to 2 miles, and the bottom of the trough 
in which it lies is 200 to 400 feet below the crests of the Elkhorn moraine 
on the north, the Darien moraine on the south, and the ridge, supposed to be 
the extension of Marengo Ridge, on the west. At the east the trough is more 
open, yet, instead of deepening toward the outlet, the lake gradually shallows in 
this direction. The lake reaches its greatest depth, 142 feet, in the western part, 
between Camp Collie and Cooks Camp. At the foot of the lake there is but a 
few feet of water. It is very evident that the basin was not produced })y post- 
Glacial erosion. 

The mode of its formation appears to be this: The earlier glacier of the 
Wisconsin stage, which formed Marengo Ridge, moved westward down the pre- 
Glacial Geneva Valley to its junction with Troy Valley. During the advance 
the valley afforded a line of discharge for the glacial waters, which flowed south- 
ward through Troy Valley. When the advance ceased Marengo Ridge was formed 
as a terminal moraine. This drift dam blocked the outlet of the valley, but 
where it crossed the pre-Glacial depression there was a considerable sag in its 
crest. Through this sag much water from the final melting of this glacier esc^iped, 
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and this trenched the drift dam and kept the valley open. The tributary valley 
in which lies Lake Como discharged its watens into (ireneva Valley by the way 
of Williams Bay. It is not improbable that these valleys afforded the principal 
outlet for the glacial waters of western Kenosha, southern Racine, and south- 
eastern Walworth counties, until the ice front had retreated 25 to 35 miles to 
the eastward. 

During the late Wisconsin invasion the ice of the Delavan lobe advanced 
southward across (reneva Valley and formed the (ronoa and Darien moraines, the 
latter of which again bU)cked the outlet of (Jeneva Valley, at the same time 
leaving that part of the valley within the moraine unfilled with drift. There is 
a sag in the crest of the Darien moraine opposite the head of the lake, but its 
elevation, 1,0()0 feet above the sea, is so much gre^iter than that of the Nippersink 
outlet at Genoa Junction that the westward discharge of the waters was not 
resumed on the withdrawal of the ice front to the Elkhorn moraine. The valley 
thus remains closed by a 280-foot dam of drift. When the Elkhorn moraine was 
formed the valley occupied })y Lake Como was cut off by the morainal deposit 
between the heads of Lake Como and Williams Bay, and the last of the drift 
composing the bulky ridge to the east was deposited. 

The south slope of the ridge north of Lake Geneva, on which the ice front 
rested for a tiuie, shows considerably more erosion than does the north slope of 
the same ridge; this was not improbably due to the discharge of the glacial 
waters into the lake basin. ProV)ably, also, more or less material was washed 
into Williams Bay at this time, and at the foot of the lake the gravel terrace on 
which the village of Geneva stands was formed. The remarkable thing, however, 
is that the basin did not receive more filling than it did. The ice must have 
continued longCi- in the basin than on the neigh})oring ridges, so that a tilling 
of ice may have prevented any considemble filling with drift until the ice front 
abandoned the crest on the north. The disappearance of the ice from the White 
River and Como valleys left the lakes in their present conditions, excepting that 
the level of Lake (ireneva is now maintained by an artificial dam. 

(U{l(;iN OF DELAVAN LAKE. 

It can not now be d(»termi!ied to what extent the pre-Glacial Troy Valley 
between Delavan Lake and the Sugar Creek Valley was filled by pre- Wisconsin 
drift. Farther to the northeast the trough was suflSciently open to bring about 
the development of the Delavaii lobe, Imt in this part just noi'th of the lake 
much of the great thickness of drift may be the remains of older sheets. The 
exposure of reddish till, like that of the older drift area, in the slopes north of 
the lake has raised a suspicion that the ridge there may be largely of older drift. 
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e?ipecially as the older and later drift come into clonest proximitj^ with but littlt* 
intervening outwash, immediately to the west and southwest of the lake basin. 
This can not, however, be regarded as ver}'^ good evidence, since the origin of 
the reddish coloring matter of the drift in this region was apparently the red bexls 
of the lower part of the Niagara formation, which are found just beneath the 
drift in the vicinity of Lyons and Burlington, directly to the east of Delavan 
Lake, and the contributions of red material were to both the older and the later 
drift. 

The elevated tmct between this lake basin and Lake Geneva is regarded as 
probably due to the burial of the northwestward extension of the Marengo Ridge. 
During the earh' Wisconsin glacial invasion, while the glacial front stood at t}ie 
Marengo Ridge as a terminal moraine, the water from the melting ice would be 
discharged into the lower area to the northwest and west, and would flow off thence 
to the south through Troy Valley. If the valley north of the site of the lake 
was largely blocked with drift, the watei*s would be confined to a distinc^t channel 
bordering the moraine, where they would scour out rather than make any consid- 
erable deposits. Considerable water may also have come from the northeast, near 
the morainal front along the line of Jackson Creek Valle}', the nortlieastward 
extension of the lake basin. 

When the later invasion of the Wisconsin stage took place the Delavan glacial 
lobe advanced over this area, deposited the Darien momine tmnsversely across 
whatever filling of older drift there may have l)een in Troy Valley, across the 
supposed northward extension of the Marengo Ridge and the intervening trough, 
and was melted back to the Elkhorn moraine without entirely oblit(*rating the 
earlier drift features. The damming of the valley by the deposition of the Darien 
moranie int^losed the basin. 

As in the case of Lake Geneva, a long finger of ice proba})ly continued in 
the basin after the ice had disappeared fi'om the higher areits on either side. 
That this really is the case there is indication in the peculiar location of the little 
valley just south of the lake. The |)ositi()n of the little valley, which was pn)!)- 
ably developed by the glacial waters when the ice front stood at the Elkhorn 
moraine, looks as though a mass of ice lying in the basin had held a stream half- 
way up the gentle slope to the southeast and forced it to cut a channel there. 
As the ice melted, the wat<»rs iii the Imsjn ov(»rflowed at the lowest point and 
then* developed the present outlet. 

While these hypotheses of the origin of these three lakes are not without 
objections, they at least afford fairly satisfactory explanations of how the basins 
may have })een fonned under the conditions affoi-ded ])V the several glacial 
advances and n^treats. 
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stages of tlie retreat. This moraine, as it is seen to-day, was probably developed 
by stages from southwest to northeast. At the tirst stage the Darien and 
Johnstown momines for a distance of 7 miles northeast of the village of 
Kichmond were combined into a continuous iptcrlolmtt^ deposit, whose constituent 
parts are, however, more or less readil}' discernible. This portion, which has 
already been discussed, is really the only portion within this area which wa^ 
completed as an interlobate moraine. The two glaciers appear to have abandoned 
this portion of the moraine simultaneously. 

During the second stage the next »H miles, l)etween a point north of Bass 
Lake and Lagrange Center, was completed as a part of the Milton terminal 
moraine of the (ireen Bay (ilacier. This part of the moraine has a more east- 
erly trend and is bordered on the south by the outwash plain on which stands 
the village of Heart Prairie. The point of jun(^tion of .the two ice fronts at this 
stage was near the village of I^agrange Center. From this angle the main crest 
of the moraine, which is on the Green Bay side of the deposit, runs north 2 
miles to Bald Bluff, a prominent salient (PI. VIII, ^1), and thence northeastward 
3 mih>s to the vicinity of the village of Palmyra. On the east and southeast of 
the Green Bay crest the deposit spreads out in a broad belt with pitted topog- 
raphy, resulting from the combination of the Milton morainal deposits with those 
of the Elkhorn moraine and more or less outwash material into an interlobate 
deposit like that extending northeastward from the vicinity of Richmond. 

Many large depressions occur in this interlobate area to the west and to the 
northwest of the village of Lagrange Center. Beginning about 1 mile northeast 
of this place and extending thence nearly IJ miles northward is an irregular, 
elongated depression which in its deepest part is 80 feet in depth. This has 
no outlet, the gravel slopes are abrupt, and the bottom is broken by knobs, 
ridges, and kettle holes. At two places the east front of the Green Bay crest 
drops abrupt!}' 80 to 90 feet to the bottoms of narrow depressions, from which 
abrupt slopes rise 60 to 90 feet to what appears to be an outwash plain beyond. 
Numerous depressions of less depth are similarly situated. Over several square 
miles the area is very much broken by depressions, though here and there occur 
bits of flat plain topography. 

The moraine on the west side of this area is strongly developed, with a 
ridged crest rising 20 to 80 feet above the interl()])ate deposits, but on the east 
the morainal and outwash deposits are not readily distinguished. From these 
relations it appears that, as the frontal slope of the Delavan lobe was melted 
back, the vigorous outwash from the opposing glacier buried much of the 
marginal ice of the Delavan lobe, from which resulted the remarkably broken 
character of this interlobate deposit. 
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In southern Jeflferson Count3% near Palmyra, the moraine a^ain .<>wings 
toward the east, which course it maintains to tiie vicinity of the vilhige t)f P^agle, 
in soutliwestern Waukesha County. Here t\w niorainal crest is marked by a 
series of more or less pamllel gravel ridges, which alternately coalesce and 
diverge, giving rise to a complex topogmi)liy. The frequent depressicms in the 
bordering outwash deposits indicate* that nuich of the marginal ice of the 
Delavan lolw was buried by the outwash betw(»en the two ice fronts. From the 
village of Eagle to a point about 5 miles north, the moraine lies partly close to 
and partly u[K)n the crest of the low Niagara escarpment. Here it has a breadth 
of one-half to 1 mile. On the west is a low marshy tract underlain by the 
Cincinnati shale. Th(» combined relief of the escarpment and the moraine varies 
from ion to 2(M) feet. Of this relief, about K^) feet is due to the niorainal 
deiH)sits. From the crest the east slope drops down to an outwash t(»ri-ace 20 
to 40 feet l)elow. This terrace, which, for the most part, is nearly flat, varies in 
width from 8(» rods to li miles. It declines eastward to an abrupt slope, where 
the surface drops down 20 to 40 feet to a second termce. 

Farther north the Green Bay Glacier overrode the Niagai^a escarpment and 
pushed some distance down the gentle east slope. Here the west front of the 
moraine has a relief of 80 to 100 feet. The outwash plain l)ecomes rougher and, 
with the narrow momine, merges into a broad morainic tract over 3 miles in 
width. Four mihvs farther north the whole belt narrows again to a width of 1 mile. 

From the relations in the vicinity of P^agle it appears probable that the Delavan 
and ( rre(Mi Bay ic(» fronts were still closely opposed as far south as the north end 
of the upper outwash termce when the terrace was being formed. Farther south 
the glacial margins diverged slightly and the broad interlobatc niorainal belt 
divided into two narrower moraines, with a gravel terrace between them. At the 
succeeding stage the eastern inoraiiie, which was probably weak, and nuich of the 
intervening gravel termce were cut away by erosion. 

Sfrnrfnrr nf the Infrrlohtfr Keitlr inftrahn. The interlobat<^ Kettle moraine 
is one of the uiii^iue features of this area. It is, as a whole, a bulky ridge, 
})ordered cm the east by th«» outwash deposits already descrii)ed. The surface of 
tills ridg(» is marked by a knob-and-kettle topography which varies greatly in 
detail from place to place. At one i)lace there may be a series of gi*av(4 ridges 
not unlike railroad (»mbankmcnts, armnged nearly jmnillel to each other and to the 
trend of the momine. Tmced longitudinally for a short distance, these ridges 
become winding, inclosing deep irregular depressions, with side slopes often as 
st(*ep as 30- to 85 , or they may break into more or less distinct conical knobs, 
irregularly distributed and interset with equally' abrupt round or irregular depres- 
sions. Differences in elevation of 20 to 100 feet occur within tlie space of a few 
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rods. The close and irregular distribution of these features, and the variation in 
the heights of the knobs and ridges and in the depths of the hollows at many 
places, combine to form a perfect wilderness of hum))s and hollows. 

On one side such an area may be flanked by a high, flat-topped, table-like 
ridge; on the other, the reliefs may become loss and the surface soften to one of 
gentle sags and swells, or there may ))0 small inclosed basins 20 to 300 acres in 
extent, where the surface is gently undulating or nearly flat, affording tillable 
fields. The reliefs in geneml decrease from west to east, and there is usually a 
gradual change from the topography of the moraine to that of the bordering 
outwash terrace. 

The composition of this moraine, as shown by the numerous exposures and 
by the records of wells within the morainal belt, is very largely of coarse gravel. 
One of the best exposures is that afforded })v the abandoned railroad cut 4 miles 
southeast of Whitewater. The northwest or inner face of the moraine at this 
place has a relief of IrtO to 180 feet and an angle of slof^e of* 80"^ to 35^ at the 
exposure shown in PI. IX, .1, which show^s the narrow crest of the abrupt 
morainal ridge and the upp(»r half of the 60 to 70 foot section. There is little or 
no evidence of assortment and stratification. The material is mostly coarse gravel 
and ]x)wlders, but with this is considerable buff clay. There is very much coarse 
material, many of the blocks containing 5 to 10 cubic feet of rock. The gravel 
is well wat(*rwu)rn, but much of the larger material shows comparatively little 
wear. The greater part both of the coarse gravels and of the larger blocks is 
from the Galena and Trenton limestones. A few rods northwest of the point 
where this view was taken an exposure in the northwest slope shows similar 
coarse material, below which is coarse sand showing undisturbed strata dipping 
toward the southeast. 

A 50-foot section is afforded bv the road cut through the morainal crest 1 mile 
southeast of Palmyra. Here the gravels, which range in size from a fraction of 
annnch to 8 inches in diameter, are generally well rounded. In the upper part 
of the section the gravels are stratified: lower down the structure was o})scure(l 
when seen. The stratified grav(»ls run laterally into very stony till. 

A third partial section of the moraine is that afforded by the gravel jiit of 
the Chicago, Milwaukee and St. Paul Kiiilway 1 mile west of the village of Eagle. 
This section when visited was 20 to 30 feet in height and about 40 rods long. 
The material ranges from clean waterworn gravel an inch in diameter to bowldei-s 
2 feet in diameter. The longest diamettMs of the majority of the stones are 
between 2 and s inches. There is so little of clay or of cementation that the 
gravels slide down readily through the full height of the section when excavated, 
so that whatever stratification is present is oV»scured in the exposure. 
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l'X)RMATIOX OF THE F1R8T (iRAVKL TERRArE, OX WHICH HTAXD THE VILLACtES OF KA(iLE AND LITTLE 

PRAIRIE. 

The stages of the glacial retreat after the withdrawal of the iee fronts from 
the Elkhoni and Milton moraines were marked ])v a eomplicated series of phe- 
nomena not lending themselves readily to positive correlation. The correlation 
here presented, however, affords a fairly satisfactory explanation of the different 
features. 

Northeastward from southeastern Jefferson County (PI. X) the front of the 
Green Bay Glacier was still crowded against the west face of the interlobate 
Kettle moraine, though farther south it may have begun to withdraw from the 
Milton momine. Some slight morainal deposits lying just north and west of the 
inner margin of the Milton moraine in northwestern Walworth County and 
northeastern Rock County probably mark the beginning of the withdmwal from 
this moraine, though the exact time of their formation is not evident from the 
relations. 

On the east tht* Delavan ice front continued to retreat, so that a widening 
interlobate angle formed in the vicinity of the village of Little Prairie and 
extended northeastward into Waukesha County, to a point 5 miles north from 
the village of Eagle. Beyond this point the two ice margins were still closelx^ 
opposed, while the upper termce which borders the interlo])ate Kettle moraine in 
the vicinity of Eagle was l>eing formed by the outwash. 

In northern Walworth County, where the front of the DelaVan lobe lay across 
Troy Valley, the morainal deposits are so largely buried in outwash material that 
no continuous momine can be traced. About 2 miles northwest of the village of 
East Troy (PI. X) there is an undulating area, about 1 scjuare mile in extent, whose 
})owlder-strewn surfai'e rises SO feet above the general level of the surrounding 
l)hiin. It is possible that this and some similar smaller elevations may Ix^long to 
this moraine. Over the ehnated tract south of Tnoy Valley there are occasional 
groups of gravel knolls, but there is no well-defined moraine. The retreat of the 
ic(» front across this area was evidently so continuous that no moraine was formed. 
The junction of the Delavan ice front with that of the main Lake Michigan Glacier 
Jit this stage was somewliere l)(»tween Rochester and Burlington, probably not far 
north of the latter place. 

From Lauderdale Lake to the village of Mukwonago the surface of the drift 
is pitted by a remarkable series of depressions, the result of the burial of the 
marginal parts of the disintegrating Delavan glacial lobe by morainal and outwash 
dei)osits while the Elkhorn moraine and the first terrace at Eagle were being formed 
and during the innnediately following stages of the retreat. The character of the 
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topography thus produced is shown on PL XI, which is reproduced from the Eagle 
and Whitewater sheets of the Topographic Atlas of the United States. 

The largest and most notable of these depressions is the very irregular 
branching valley, 10 miles in length, in which lie Lake Beulah, East Troy, 
Phantom, Eagle, and Lulu lakes, and an extensive marsh. That these larger 
depressions are essentially connected series of kettle holes and can not be due to 
fluvial erosion is shown by the exceedingl}' abrupt and irregular marginal slopc\s 
and b}^ the inequalities in depth where not now occupied by marsh deposits 
(PI. XII). The lakelets, ponds, and marshes occupying these depressions in man}' 
cases lie 50 to 80 feet below the surrounding plain. The marginal gravel slopes 
are very abrupt and are often made exceedingly irregular by kettle holes, knobs, 
and hogback ridges. Some of these ridges extend one-half mile or more out into 
the marshes, above which they rise 50 to 70 feet, and some of the crests are so 
narrow that two teams could not pass upon them, while the slopes drop down at 
angles of 30^ to 35^. 

The character of the dei)osits is shown by the following wells on this tirst 
terrace: 

Log of W. S. Tr<f//«o»'x well hi the vilUi^e of LitUe I*rairie. 

Feet. 
(Travel 40 

Ilarclpan 40 

San<l 40 

Ilanljxan 2 

Gravel 4 

Depth 1 26 

I^>g of Rofhrt (M>fw^8 well, 2 or S miles Konth of the village of Little I^tirie. 

Feet. 

stony rlay 16 

Gravol and Hand 125 

Stony clay ? 

Gravel ? 

Depth 254 

TA)g of McKee Brothers* welly o vulen west of the i^ilUige of hhst Troy.'' 

Feet. 
Blue day 66 

Rand 160 

Hardpan 4 

layers of hardpan each 3 or 4 feet thick altematinjr with layers of sand... 171 

Rock ^ 

Depth 404i 

" Information furnished !)y W. L. Thonu^. a well driller <»f Whitewater, Wis. 
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There is nothing to show how much of the drift penetrated by these wells 
is to be referred to the advance and how much to the retreat of the Delav^an 
Glacier, nor what part may have been deposited during earlier stages of glaciation. 

The disposition of the glacial waters at this stage was of considerable impor- 
tance. The drainage from that part of the Green Bay Glacier lying southwest 
of the village of Palmyra probably escaped to Rock River In'^ way of the low 
tracts bordering the inner margin of the Milton moraine (PL X); that from 
the Green Bay front east and northeast of Palmyra, from the interlobato angle 
near Eagle; and that from the front of the Delavan lobe as far south as the 
divide south of Sugar Creek Valley, through the Turtle Creek outlet near Delavan 
and thence to Rock River at Beloit. A part of this water reached the Turtle Creek 
outlet near Delavan by the way of Jackson Creek Valley through the Elkhom 
moraine, south of the city of Elkhorn. South of Sugar Creek Valley the glacial 
waters continued to flow to the Nippersink outlet at Genoa Junction. The 
gravel deposits on which stand the villages of Springfield and Lyons were probablj^ 
formed as deltas at the debouchures of the valleys by the water coming from the 
elevated area to the north. Probably also about this time the gravels underlying 
Gardners Prairie, northwest of Burlington, were deposited as an outwash deposit. 

Two miles west of the village of Vienna a small valley heads in a sag in 
the south slope of Sugar Creek Valley, and leads thence southward to the White 
.River bottom northeast of the village of Lyons. This vallej' is eroded to a 
depth of 40 to 100 feet, yd there is now scarcely any area tributary to it 
except its own iumiediate slopes, so that it contains no stream and shows very 
little evidence of recent erosion, such as marks the valley one-half mile west. 
This little valley was evidently not due to post-Glacial erosion. It was probably 
developed b\' the glacial waters at this time. 

ORKilN OF SICIAK CREEK VALLEY. 

The peculiar relationships of Sugar Creek Valley, which cuts through the 
elevati^l ground-moraine area northeast of Elkhorn (PI. X), probably c^n be 
explained by the drainage conditions of this stage. The relationships are these: 
In the lirst place, the amount of erosion retjuired for jCs excavation is not 
ecjualed, in the area of the later drift examined by the writer, in any valley 
having so limited an area of tributary drainage. Its flat, marshy bottom aries 
in width from 40 rods to nearly one-third of a mile, and through this i)()tt<)m 
meanders a rivulet so small as to be out of all proportion to the capacious val- 
ley. Sugar Creek heads in a narrow, marshy tract north of Elkhorn, which is 
also drained by the head of Turtle Creek on the west and by the head of Honey 
Creek on the north. The valley leads from the low marshy area, 900 to 920 
feet above the sea, to a low area northwest of Burlington having an elevation 
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of 760 to 800 feet. In doing so it cut through an elevated track, which, in its 
highest part on the immediate crests of the v^alley sloi)es, reaches an elevation of 
1,040 to 1,060 feet above the sea. Moreover, but very little of this elevated 
area is tributary to this valley. Thus it is evident that the valley of Sugar 
Creek could not have been developed under the ordinar}^ conditions of erosion. 

There is no evidence of an underlining pre-Glacial valley which might have 
caused a sag in the drift surface of such depth as to cause the drainage from 
the west to follow this line in preference to Turtle Ci'eek on the west or Honey 
Creek on the north. In fact, the rock is exposed at one point in the valley 
bottom, and wells to the north and the south indicate that the elevation of the 
rock there is about the same as in the valley exposure. We must therefore look 
for special conditions for the explanation of this valley. 

These conditions were probably furnished by the ice front retreating toward 
the northeast from the Elkhom moraine. It is not improbable that there was 
an initial sag in the drift surface. This sag would be deepened by water 
flowing westward to Turtle Creek from the retreating ice front, so long as the 
glacier lay across the line of the valley. The valley thus extended ea-stward and 
trenched the highest part of the area nearly to the level of Turtle Creek Valle}', 
northwest of Elkhorn. When the ice front had withdraw^n entirely from the line 
of the valley the drainage l)egan to flow to the lower area to the east, and the 
valley was further deepened by cutting back in the opposite direction. In this 
manner it is probable that the divide was cut down until it was lower than the 
valley leading to Turtle Creek outlet near Delavan. As soon as this was accom- 
plished the whole of the glacial drainage from the ice fronts north of tliis newly 
opened valley was diverted eastward to the valley leading to the Nippersink 
outlet at Genoa Junction. This diversion accomplished, the abundant flow further 
deepened Sugar Creek Valley, and the Turtle outlet was abandoned. 

FORMATION OF A SECOND ORAYKL TKRRACE, IN SOUTHWESTERN WAUKESHA COUNTY AND NORTHEASTERN 

WALWORTH COUNTY. 

/ 

Tluj diversion of the glacial drainage from the Turtle outlet through the Sugar 
Creek Valley to the Nippersink outlet marks the next stage in the deglaciation of 
the area (PI. XIII). The continued melting of the Delavan glacial lobe carried 
the margin back to the moraine lying in southwestern Waukesha County, ju.st 
west of the villages of Genes<»e and Genesee Depot. The ice lay across the 
elevated ground moraine tracrts between the village of North Prairie and the village 
of Mukwonago, and continued in Troy ValleT, while the south margin of the 
lobe was being melted back to the line of gravel hills lying 2 miles east of the 
village of East Troy. 
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of 760 to 800 feet In doing so it cut through an elevated track, which, in its 
highest part on the immediate crests of the valley sloi)es, reaches an elevation of 
1,040 to 1,060 feet above the sea. Moreover, but very little of this elevated 
area is tributary to this valley. Thus it is evident that the valley of Sugar 
Creek could not have been developed under the ordinary conditions of erosion. 

There is no evidence of an underlying pre-GIacial valley which might have 
caused a sag in the drift surface of such depth as to cause the drainage from 
the west to follow this line in preference to Turtle Ci'eek on the west or Honey 
Creek on the north. In fact, the rock is exposed at one point in the valley 
bottom, and wells to the north and the south indicate that the elevation of the 
rock there is about the same as in the valley exposure. We must therefore look 
for special conditions for the explanation of this valley. 

These conditions were probably furnished by the ice front retreating toward 
the northeast from the Elkhorn moraine. It is not improbable that there was 
an initial sag in the drift surface. This sag would be deepened by water 
flowing westward to Turtle Creek from the retreating ice front, so long as the 
glacier lay across the line of the valle\\ The valley thus extended eastward and 
trenched the highest part of the area nearly to the level of Turtle Creek Valley, 
northwest of Elkhorn. When the ice front had withdrawn entirely from the line 
of the valley the drainage began to flow to the lower area to the east, and the 
valley was further deepened by cutting back in the opposite direction. In this 
manner it is probable that the divide was cut down until it was lower than the 
valley leading to Turtle Creek outlet near Delavan. As soon as this was accom- 
plished the whole of the glacial drainage from the ice fronts north of this newly 
opened valley was diverted eastward to the valley leading to the Nippersink 
outlet at Genoa Junction. This diversion accomplished, the abundant flow further 
deepened Sugar Creek Valley, and the Turtle outlet was abandoned. 

FORMATION OF A HECOND GRAVEL TERRACK, IN SOUTHWESTERN WAUKESHA COrNTY AND XORTHKAMTERX 

WALWORTH COUNTY. 

/ 

The diversion of the glacial drainage from the Turtle outlet through the Siigjir 
Creek Valley to the Nippersink outlet marks the next stage in the deglaciation of 
the area (PI. XIII). The continued m<^lting of the Delavan glacial lobe carried 
the margin back to the moraine lying in southwestern Waukesha County, just 
west of the villages of Genesee and Genesee Depot. The i<*e lay across the 
elevated ground moraine ti*a(;ts between the village of North Prairie and the village 
of Mukwonago, and continued in Troy Valley, while the south margin of the 
lobe was being melted back to the line of gravel hills lying 2 miles east of the 
village of East Troy. 
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The point of junction of the south front of the Delavan lobe with the west 
front of the main Lake Michigan Glacier during this stage was moved 6 or 7 
miles northward to the knobbed and pitted tract northwest of the village of 
Waterford, in western Racine County. From this angle southward to Burlington 
the west front of the Lake Michigan Glacier occupied the moraine west of Fox 
River. South of this place the ice front may have retreated to the morainal . 
belt east of the present channel of Fox River. It is not certain, however, that 
the valley of Fox River south of Burlington was yet cleared of ice. 

About this time the east front of the Green Bay Glacier appears to have 
withdrawn from the interlobate Kettle moraine for an undetermined distance 
north of the village of Eagle, to a morainal belt running northward from the 
village of Palmyra, in southeastern Jefferson County and western Waukesha 
County. The outwash deposits were no longer made east of the interlobate 
Kettle moraine in the area under discussion, but were laid down in the waters 
pondt^d behind the latter moraine. A part of this ponded water crossed the 
Kettle moraine by sags west of the village of Eagle, and joined the flow through 
Sugar Creek Valley. 

There is a small morainal tract northeast of Wliitewater which may have 
been formed at this time, but other than this there is nothing to indicate the 
position of the south front of the Green Bay Glacier. The opening and 
continued deepening of Sugar Creek Valley, causing the abandonment of the 
Turtle Creek outlet in western Walworth County for the Nippersink outlet at 
Genoa Junction, in southeastern Walworth County, accelerated the flow of the 
glacial waters between the Delavan ice front and the Kettle moraine, so that a 
part of the morainal and upper terrace deposits of the previous stage were 
eroded in the area east and northeast of the village of Eagle, forming a second 
terrate 80 to 40 feet lower than the first. Between the villages of Eagle and 
Jericho Corners this terrace forms a flat plain 2 miles in width which declines 
gently to the south. The eroding waters crossed the buried ice masses in the 
Eagle* Lake depression and continued across the terrace southward to the low 
area now drained by Honey Creek. Probably the gravels eroded farther north 
were deposited here. At many places along the railroad these gravels are 
ex))ose(l below a few feet of clay. The villages of Troy Center and East Troy 
stand on this second terrace. The southward dip of the cross-bedding of the 
sand and gravel, seen in an exposure north of the latter place, shows the 
direction of the flow from the neighboring ice front. 

The evidence of the withdrawal of the Green Bay Glacier from the interlo- 
hite Kettle moraine at this stage is found in the distinctness of the upper and 
second terraces and in the generally abrupt slope separating the two. So far as 
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noted, there is no evidence that outwash from the Green Bay Glacier crossed 
this upper termce and marginal slope to the lower terrac<\ whence it is inferred 
that the outwash from the west had ceased and that the (Jreen Bay Glacier had 
abandoned the moraine. 

FORMATION OK A THIRD (JRAVKL TERRACK, IN SOUTHWESTERN WAUKEHHA CXJrXTV AND XORTHEAKTERN 

WALWORTH COrXTY. 

By the time the second teri-a<'e had been completed and the ice front had 
been melted back to its next line of morainal deposits the lobation of the west 
margin of the Lake Michigjin Glacier had become very slight. This was all that 
remained of the Delavan lobe (PI. XIV). The ice front still stood at the moraine 
in the vicinity of the villages of Genesee and Genesee Depot, but farther south 
it had retreated to the vicinity of Mukwonago, leaving great masses of ice buried 
in the gravels in Troy Valley. The great depressions resulting from the subse- 
quent melting of these ice masses have already been described (PI. XI). In the 
vicinity of Mukwonago the ice front lay to the north and east of the village, 
along the morainal deposits which block the converging tributaries of the pre- 
Glacial Troy Valley. South of this the morainal de|X)sits of this stage are found 
between the villages of Lake Beulah and Caldwell Pmirie. Northwest of the 
village of Waterford the}' connect with the Valparaiso moi*aine of the Lak<^ 
Michigan (ilacier. For 2 miles below the village of Rochester the ice ma}' have 
continued at the moraine west of the river, but farther south Fox River Valley 
must certainly have been clear })y this time. 

This stage was thus marked bv the opening of the lowest outlet for the 
glacial drainage yet available, that by way of Honey Oeek to Burlington and 
thence by Fox River to Illinois River. When fully cut down, the elevation of 
this channel at the west line of Racine County, about 3 miles north of the village 
of Honey Creek, was about 800 feet above the sea, while that of the head of 
Sugar Creek Valley north of Elkhorn is at an elevation of 860 to 870 feet. At 
the State line the channel of Fox River is about 740 feet above the sea, while 
the Nippersink outlet at Genoa Junction is about 830 feet. The greater fall by 
way of Honey Creek and Fox River thus gave it a great advantage over the 
outlet by way of Sugar Creek Valley and the Nippersink outlet, so that this 
latter outlet in its turn was abandon(»d. This opening of a loyv^er outlet for the 
glacial drainage resulted in a further acceleration of the How, and, as a conse- 
quence, the second terrace east of th<» village of Eagle was itself in part eroded 
and a third and still lower termce was formed. 

The distinction between the second and third terraces is most plainly marked 
in the area southwest of the village of Jericho C!)orners, in southwestern Waukesha 
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County, where, for nearly 2 miles^ a short, abrupt slope of 15 to 20 feet separates 
the plain of the second terrace from a like lower plain. At Jericho Corners and 
at several point** between this and the village of North Prairie the gravels were 
so far removed as to expose the underlying rock. A remnant of the second 
terrace is seen in the flat-topped ridge extending northward from a point three- 
fourths of a mile north of Jericho Corners. 

The mominal and outwash deposits in the vicinity of Mukwonago comgletely 
closed the branches of Troy Valley to further southwestward drainage, and gravel 
and sand were deposited around and over the ice masses remaining in the Troy 
basin, thus completing their burial. In genemi, the elevation of these outwash 
deposits decreases toward the head of Honey Creek outlet at the west line of 
Kacine County. In the western part of Racine County sand and gravel were 
washed out through the sags leailing between the ridges of the ground-moraine 
till to the valley of Honey Creek. Sand and gravel deposits also border Fox 
River more or less continuously from Burlington to the State line. 

HEBRON MORAINE. 

The stages of retreat of the front of the Green Bay Glacier can no longer 
be surely correlated with those of the Lake Michigan Glacier within the area 
under discussion. It is not improbable, however, that about the time of the for- 
mation of the third terrace east of the village of Eagle the front of the Green 
Bay Glacier stood at a weak morainal belt in southern Jefferson County, which 
may be traced, with some discontinuity, from a point 8 miles northeast of the 
village of Rome, where it enters this area from the northeast, in a broad curve 
southwestward, then westward, then northwestward past the village of Hebron 
and Fort Atkinson to the vicinit}- of Ripley Lake in western Jefferson County, 
and theiK^e northwestward beyond the area under discussion (PI. XIV). This 
mopdinal belt may be <*onveniently referred to as the Hebron moniine from its 
relation to the village mentioned. 

In some parts this moi'aine is rather strongly developed and is bordered by 
teri'aces of sand and gravel. At other points the morainal deposits scarcely 
obscure the drumloidal topography which they overlie. The relations of the 
morainal belt extending northward near the Jefferson-Dane county line from the 
west (»nd of Lake Koshkonong have not yet ])een fully determined. The further 
retreat of the Green Ba}^ ice front carried it beyond the limits of the area under 
discussion. '' 



" Furtlu'r exainiimtioii of the uri'ii has n^ultod in tnteing a vcr>' weak but diKtinct moraine from the vicinity of Rome 
westwanl thnni^h the JefTenH)n <'ounty farm, southwest of Jefferson, and thenee northwestward beyond the limits of 
the arnu umler di.M-xissioii. This moraine marks the iiosition of a halt of the retreatinK ice front about 2 mile** north 
of tlie Hebron moraine. . 
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Just how rapidly the morainal and rock barriers below Lake Koshkonong 
were cut down is not known, but it is probable that for some time the glacial 
waters were ponded between the Milton moraine and the retreating ice front of the 
Green Bay Glacier, forming an extensive lake which covered the lower areas of 
southern •Fefferson County, northeastern Rock County, and northwestern Wal- 
worth County. Lake Koshkonong and the extensive marsh areas of the region 
are the remnante of this glacial lake. In trenching the drift and rock barriers 
near Fulton Center the stream had to cut through about 35 feet of drift and 50 
feet of limestone and sandstone. Farther south, where the rock was not encoun- 
tered, the amount o* drift eroded was much greater. In time, if the artificial 
dams in Rock River are not maintained, Lake Koshkonong and the marshes 
will disappear as the river further deepens its channel. Laminated claj-s which 
were deposited in the glacial lake are exposed in the clay pits at the brick 
yards at Fort Atkinson and Jefferson. 

VALPARAISO TERMINAL MORAINIC 8Y8TEM. 

The next stage in the deglaciation of the area was marked by the entire dis- 
appearance of the Delavan lobe and by the opening of the valley of Fox River 
between Waukesha and Burlington. So gradual was the withdrawal of the main 
west front of the Lake Michigan Glacier that it was yet occupying the morainal 
belt Ix^rdering Fox River when the ice of the Delavan lobe had so far disap- 
peared that its margin occupied the northward continuation of the same moraine 
(PI. XIV). 

The Valparaiso moniinic system, where it enters Kenosha County, Wis., 
from Lake County, 111., has a breadth of nearh^ 10 miles. The western part of 
the, l)elt along Fox River is marked by discontinuous groups of kames forming 
bulky ridges, whose surfaces are pitted with kettle holes. These alternate with 
low, marshy tnicts, and with nearly flat areas underlain by sand and gmvel 
deposits. Farther east the toix)gniphy is marked by broader undulations and 
depressions with abi-upt ice-contact slopes, which are occupied by lakelets and 
marshes. 

In the northern part of Kenosha C-ounty the morainal belt narrows and a 
distinct ground -moraine topogniphy appears to the east. As far north as the 
vicinity of the village of Waterford. in western Racine County, there is a contin- 
uous bulky moraine, such as would be expected from so long occupjincy by the 
front of the Lake Michigan (ilacier. From this place northward to the vicinit}' 
of Waukesha, where the occupancy by the ice front was very much shorter, the 
morainal deposits, though spread over an area of considerable width, are very 
much 'scattered and are insuflficient in amount to obscure the drumloidal ground- 
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Just how rapidly the morainal and rock barriers below Lake Koshkonong 
were cut down is not known, but it is probable that for some time the glacial 
waters were ponded between the Milton moraine and the retreating ice front of the 
Green Bay Glacier, forming an extensive lake which covered the lower areas of 
southern Jefferson County, northeastern Rock County, and northwestern Wal- 
worth County. Lake Koshkonong and the extensive marsh areas of the region 
are the remnants of this glacial lake. In trenching the drift and rock barriers 
near Fulton Center the stream had to cut through about 35 feet of drift and 50 
feet of limestone and sandstone. Farther south, where the rock was not encoun- 
tered, the amount o* drift eroded was much greater. In time, if the artificial 
dams in Rock River are not maintained, Lake Koshkonong and the marshes 
will disappear as the river further deepens its channel. Laminated clays which 
were deposited in the glacial lake are exposed in the clay pits at the brick 
yards at Fort Atkinson and Jefferson. 

VALPARAISO TERMINAL MORAINK' 8Y8TEM. 

The next stage in the deglaciation of the area was marked by the entire dis- 
appearance of the Delavan lobe and by the opening of the valley of Fox River 
between Waukesha and Burlington. So gradual was the withdrawal of the main 
west front of the Lake Michigan Glacier that it was yet occupying the morainal 
belt lx)rdering Fox River when the ice of the Delavan lobe had so far disap- 
peared that its margin occupied the northward continuation of the same moraine 
(PI. XIV). 

The Valparaiso morainic system, where it enters Kenosha County, Wis., 
from Lake County, 111., has a breadth of nearly 10 miles. The western part of 
the l)elt along Fox River is marked b}' discontinuous groups of kames fonning 
bulky ridges, whose surfaces are pitted with kettle holes. These alternate with 
low, marshy tracts, and with nearly flat areas underlain by sand and gravel 
deposits. Farther east the toj^ogmph}' is marked by broader undulations and 
depressions with abrupt ice-contact slopes, which are occupied by lakelets and 
marshes. 

In the northern part of Kenosha C^ounty the morainal )>elt narrows and a 
distinct ground -momine topogmphy appears to the east. As far north as the 
vicinity of the village of Waterford, in western Racine County, there is a contin 
uous bulky moraine, such as would be expected from so long occupanc}' by the 
front of the Lake Michigan Glacier. From this place northward to the vicinity 
of Waukesha, where the occupancy by the ice front was very much shoiler, the 
morainal deposits, though spread over an area of considerable width, are very 
nuKrli scattered and are insullicient in amount to obscure the drumloidal ground- 



U.S. GEOLOGICAL SURVEY 



MAP OF THK PLEISTOCKNK UEl'OSITS OF A PORTION ( 



BY 
WILLIAM r. ALDEX 



1H03 



l'iinrU|-|t 



\fe{ # 




[1LTHE.\STEHN WISCONSIN 




DEGLACIATION OF THE AREA. 65 

moraine topography developed during the advance of the glacier.** Evidences of 
a morainal stage in this part are found in patchy areas with pitted topography, 
sags and swells, occasional gravel knolls, and the very great abundance of surficial 
))owlders. 

Perhaps the most notable deposit of this stage of the retreat is the great 
abundance of bowlders scattered over the high region between Waukesha and 
the Muskego lakes. These bowlders have been very largely collected from 
the fields and piled in walls along the fences. In some parts of this tract there 
are many fields inclosed by walls of bowlders 3 feet or more in height. In a 
certain pasture lot about 1 mile west of Little Muskego Lake, where the 
bowlders appeared to be about as originally deposited, neither having been col- 
lected nor having received additions from adjacent fields, the writer counted 
4,200 bowlders in less than 2 acres. It was possible to have crossed this lot by 
stepping from one stone to another. Of these bowlders less than 1 per cent were 
of other than foreign crystalline rock. 

Besides the gravels bordering Fox River in Racine and Kenosha counties, 
there is a gravel terrace nearly 2 square miles in extent on which stand the villages 
of Big Bend and Chamberlain, in southeastern Waukesha County. Other like 
terraces occur farther north, the city of Waukesha standing on one of these. 

As is shown by the previous discussion, if the writer's correlations are cor- 
rect, the Valparaiso morainic system, as developed in Illinois and in southern 
Kenosha County, Wis., is the equivalent of all the morainal belts of the Delavan 
glacial lobe. That the Delavan lobe and the Green Bay Glacier were contempo- 
raneous in the occupancy of their outer terminal moraines there can be no doubt. 
Whence it appears that the front of the Lake Michigan Glacier occupied the 
Valparaiso moraine at the same time that the Johnstown moraine was being 
formed by the Green Bay Glacier, and that it continued at this morainal belt in 
northeastern Illinois and southeastern Wisconsin even after the Green Baj^ Glacier 
had begun its retreat. The Valparaiso moraine in Illinois, as described by Mr. 
Leverett,'' the Genoa and Darien moraines, as described in this paper, and that part 
of the Kettle moraine which in this paper is designated the Johnstown moraine 
of the (ireen Bav (xlacier, thus mark the limit of the last glacial advance of 
the late Wisconsin stage of glaciation in southern W^isconsin and northeastern 
Illinois. The deposits of the early Wisconsin glaciers in southern Wisconsin were 
almost entirely overridden by the shifted ice lobes of the later invasion. 

a Further examination of the area has resulted in grouping these ncattered morainal deposits into two or three 
fairly di^1inct belts crossing the towns of Waulcesha and Vernon from 8outhea.Mt to northwest. Thei«e are branches of 
the Valparaiso moraine, and their disposition indicates more of a lobation of the west margin of the glacier at this 
stage than would ap|)ear from the above description and from 1*1. XIV. 

hThe niinois glacial lobe: Mon. U. S. Gool. Sur\'ey, vol. 38, 1899. p. 399 et seq. 

9MS8— No. 84—04 5 
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LAKE-BORDEB MORA I NIC SYSTEM. 

As already noted, the Valparaiso morainic system is bordered on the east by 
a distinctively ^afround-moraine tract. East of this, in Milwaukee County, eastern 
Waukesha County, and the eastern halves of Racine and Kenosha counties, there 
is a series of broad, gentle ridges of drift which nearly parallel the shore of Lake 
Michigan. Mr. Leverett in his studies" found these same ridges continuing 
southward into Cook County, 111., between the Valparaiso moraine and the lake 
shore. Similarly located ridges of drift were found in northwestern Indiana 
and southern Michigan, which were thought to belong to the same series. This 
system of ridges, which appears to mark further stages in the retreat of the 
Lake Michigan Glacier, has been designated by Mr. Leverett the lake-border 
morainic system. The distribution of these ridges in the area under discussion 
is shown on PL XIV. While in a large part of this extent the ridges are clearly 
marked and distinctly separated, so as to give the peculiar north-south trend to 
the drainage lines, they are cut through at intervals by the streams, and in some 
places contiguous ridges are coalescent, so that there may be some difference of 
opinion as to their exact correlation. This is, however, of little moment so long 
as the distinctive features of the topography are recognized. 

It has been stated that when the front of the Delavan lobe reached the 
Valparaiso moraine in its retreat the lobe had almost disappeared. During these 
subsequent stages, however, there was enough lobation of the margin to give a 
marked westward shift to these lake-border ridges in Milwaukee County. This 
westward shift amounts to 6 or 7 miles, so that new ridges appear to the east, 
in northern Milwaukee and in Ozaukee counties, which have no correlatives at 
the south (PI. Ill), or their southward continuations are to be found Ijeneath 
the waters of Lake Michigan. 

In general the topography of this lake-border belt differs but little from an 
ordinary ground-moraine area. Here and there groups of kettle holes pit the 
surface, and in some places considerable deposits of gravel occur, but for the most 
part the surface is marked by broad, gentle undulation. The notable feature of 
the tract is the disposition of the drift in broad ridges parallel to the lake shore, 
«50 that, though the general elevation decreases toward the east, the drainage 
reaches the lake only where the streams have cut transversely across the trend 
of the ridges, as in the case of Root and Pike rivers. One of the streams, 
Desplaines River, in fact does not enter the lake, but flows southward to Illinois 
River. Milwaukee River flows more than 30 miles between ridges of this 
lake-border system before it enters the lake at Milwaukee, though through most 

rtThe Pleistocene features of the Chicago area: Bull. Chicago Acad. Sci.. No. 2. 1897, pp. 42-47. The Illinois glacial 
lobe: Mon. U. S. Geol. Survey, vol. 3«. 1899. pp. 380-412. 
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of this distance its course' is within 3 miles of the lake, and at some points the 
shore is less than 1 mile distant. These ridges vary in width from 1 to 4 miles, 
and generally have longer east slopes and shorter west slopes, so that the elevations 
of the crests are successively lower on passing eastward to the lake. The crest of 
the west ridge stands 220 to 360 feet above Lake Michigan. The middle belt is 
marked by two more or less distinct crests, one of which is again subdivided. 

The most sharply defined of these ridges south of Milwaukee is that lying 
nearest the lake shore. This ridge is continuous 25 or more miles southward, to 
Winnetka, 111., where it is intersected bj^ the lake shore. The crest of this 
ridge is 120 to 140 feet above the lake. It is thus 50 to 60 feet lower than the 
higher crest of the middle belt, and about 120 feet lower than that of the west 
ridge. The reliefs on the west sides of these ridges range from 20 to 60 feet, 
and on the east from 60 to 180 feet. The thicknesses of the drift penetrated 
by wells range from a few feet, where some buried rock ridges occur, to 300 
or more feet where there are pre-Glacial valleys beneath. The bulk of the drift 
appears to be till, but extensive stratified beds are exposed in the lake-bluff sec- 
tion of the east ridge. 

While the front of the Lake Michigan Glacier stood at the west ridge of 
the lake-border morainic system in Waukesha and Kacine counties, the water 
from the melting ice was ponded over the low areas to the west or flowed 
directly to Fox River. The outflow evidently was not vigorous, as no outwash 
deposits have been found. Muskego and Wind lakes and the surrounding 
marshes are evidently the remnants of an extensive shallow lake formed at this 
time. 

On the withdrawal of the Lake Michigan Glacier from the Valparaiso 
moraine in Illinois, Indiana, and Michigan a marginal lake was formed by the 
waters accumulating between the inner slope of the moraine and the retreating 
ice front. From Kenosha County southward the water discharged from the ice 
front, as it stood at the west ridge of the lake-border morainic system, flowed 
southward to this lake. 

When the ice margin withdrew to the middle belt the flow of the glacial 
waters to Fox River ceased entirely. Thenceforward all the water from the 
melting glacier in the area under discussion went southward to this glacial lake 
by the valleys between these ridges. The final withdrawal of the ice front from 
the east I'idge of this series allowed the expanding lake to reach southeastern 
Wisconsin, substituting lacustrine for glacial conditions in the eastern part of 
this area. 
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TjAKK CHICAGO. 

GENERAL RELATIONS. 

As has already been indicated, as soon as the front of the Lake Michigan 
Glacier of the Wisconsin stage of glaciation had retired from the crest of the 
Valparaiso moraine in southwestern Michigan, northwestern Indiana, and north- 
eastern Illinois the direct discharge of the glacial drainage into watercourses 
leading away from the ice front was obstructed, and the waters accumulated 
between the ice front and the crest of the moraine as a marginal lake. This 
glacial lake was initiated at the south and expanded northward with the melting 
of the ice. As the west margin of the glacier withdrew to the successive ridges 
of the lake-border morainic system, the intervening valleys became occupied by 
broad streams discharging southward into the glacial lake. It is even possible 
that the wat-er overtopped the middle and east ridges. In the lake-lwrder area 
of southeastern Wisconsin glacial and aqueous depositions were closely associated. 

During these initial stages of the lake no distinct shore phenomena were 
developed, possibly because of the constant shifting of the water level as the 
barrier at the outlet was cut down, and because of the large amount of floating 
ice which obstructed wave action. The accumulating waters found an outlet near 
the south end of the basin, along the line of the present Desplaines River Vallej', 
across the Valparaiso moraine southwest of Chicago, 111. (PI. III). Through this 
valley, known as the Chicago outlet, the waters found their way to Illinois and 
Mississippi rivers. The various phases of this glacial lake, to which Mr. Leverett 
has given the name "' Lake Chicago," have been discussed in several publications." 

GLENWOOD STAGE. 

The highest level at which a distinct shore line is now recognizable about 
the southern part of the basin is 640 to 650 feet alx)ve the sea, or 60 to 65 feet 
above the level of Lake Michigan. The shore line at this level has l>een desig- 
nated the Glenwood shore line, from its strong development near the village of 
Cxlenwood, 111., south of Chicago. Between Winnetka and Waukegan, 111., the 
encroachment of the lake upon the land during the later stages has destroyed 
the ancient shore line, but from Waukegan northward to a point 5 miles north 

'» AiidrcwH, Edmund, The North American lakeM considered a» chronometers of poKt-Glaeial time: Trans. rhicaffi> 
Acad. Sci., Chicago. 1870, pp. 1-24. 

Leverett, Frank, The Pleistocene features and deposits of the Chicago area: Bull. Geol. Nat. Hist. Sur\'ey, 
Chicago Acad. Sci., No. 2, 1897, pp. 57 et aeq. 

Leverett, Frank. The Illinois glacial lobe: Mon. V. S. Geol. Survey, vol. 38, 1899, pp. 416-4.'>9. 

Salisbury, R. D., and Alden, W. C, The geography of ('hicago and its environs: Bull. Oeog. Soc. Chicago No. 1. 1899. 

Alden, W. C Description of the Chicago district: Geologic; Atlas I'. S.. folio 81, U. S. Geol. Sur>'ey, 1902. 
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of Racine, Wis., an old shore line is recognizable at a level corresponding to that of 
the (xlenwood Ijeach south of Winnetka, 111. Through Racine and Kenosha counties 
this shore line lies between 1 and 2 miles west of the present lake shore. It is 
marked in places bj" a low cliff of till and a wave-cut terrace, but for the most 
part there is a well-developed ridge of beach sand and gravel lying on the gently 
rising surface of the till. These deposits occur mostly at levels between 50 and 
♦>0 feet above the present lake, though at some places limited deposits occur 70 
to 80 feet higher than the present lake. East of this shore line there is a flat 
plain underlain by extensive deposits of lacustrine sands and clays. 

Nowhere in Milwaukee or Ozaukee counties is this shore line now to be seen. 
For at least 11 miles northward from the point of intersection of the Glenwooil 
shore line by the present lake bluff, in northeastern Racine County, the ancient 
beach has been destroyed by the encroachment of the lake upon the land during 
the subsequent stages. Farther north the relations are complicated by a deposit 
of red clay overlying stratified beach deposits." It appears probable that these 
buried beai^h deposits are to be referred to the Glenwood stage, though this has 
not yet been fully demonstrated. 

For the detailed discussion of the relations of the red clay deposit which 
borders the lake shore from Milwaukee northward and the underlying lacustrine 
deposits, reference should be made to the Milwaukee folio of the Geologic Atlas 
of the United States.* The correlation there presented is, in brief, as follows: It is 
suggested that the interstratified gravel, sand, and clay immediately overlying the 
till in the lower part of the lake-bluff section northward from a point about 5 
miles southeast of Milwaukee harbor was deposit-ed near the shore at the Glen- 
wood stage of Lake Chicago, the front of the glacier having withdrawn an 
unknown distance to the north and east. From some unknown source there was 
introduced into the drift being deposited in the lake along the oscillating front 
of this glacier a tenacious red clay. Besides deposition directly from the melting 
ice front, the distribution of this clay may have l)een accomplished in part by 
floating ice. A part of it came within the zone of deposition near the shore, so 
as to be deposited as laminated clays interbedded with more or less material 
derived from the drift along the beach. It is further suggested that a readvance 
of the glacier occurred, crowding upon the land as far south as Milwaukee, over- 
riding the stratified beds and leaving on them and on the till bej^ond their west- 
ern limits the deposit of stony red clay now found Iwrdering the lake from the 
vicinity of Milwaukee northward. 

It has not yet been sjitisfactorily determined, however, whether this readvance 

aGeol. WiBConsin, vol. 1, 1883, pp. 291-295, and vol. 2, 1877, pp. 219-280. 

^ AMen. W. C. Description of the Milwaukee district: (teologic Atlas V. S., folio — i in preparation). V. S.Gcol. Survey. 
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of the glacier is to be correlated with the latter part of the Glenwood stage or 
whether the retreat of the ice front continued during this stage, reaching such a 
position as to allow the drawing down of the lake waters b}' some low outlet, to 
be followed by a readvance of the ice, blocking the outlet and reflooding the 
basin at the Calumet stage. 

LOW- WATER STAGE. 

The occurrence of a bed of peat beneath the deposits of the Calumet stage* 
in the vicinity of Evanston, 111., has led to the belief that, following the Glen- 
wood stage, there was a time during which the waters were drawn down to a 
level even lower than that of the present lake, so that a part of the previously 
submerged area emerged. 

Mr. Leverett" cites the deep channels in the lower courses of the streams 
tributary to the lake along the east shore in Michigan as also giving evidence 
of this emergence. He states that the soundings shown by the United States 
Lake Survey charts, from Pere Marquette Lake southward to Kalamazoo River, 
demand an emergence of at least 50 feet above the shore, even if the bot- 
toms of the channels are but slightly filled. It is regarded as not improbable 
that the amount of filling is such as to necessitate the assumption of an even 
greater emergence in that region. The same writer's observations in the vicinitj' 
of Holland, Mich., led to the view that the channeling occurred subsequent to 
the formation of a strong beach which reaches 60 to 65 feet above Lake Michi- 
gan and prior to the formation of a beach which stands 25 feet above the lake. 
It was not, however, satisfactorily determined whether this emergence occurred 
between the Glenwood and Calumet stages or between the Calumet and Toleston 
stages. 

Certain evidence of an interval of emergence was noted by the writer in 
the vicinity of Milwaukee harbor. It is possible, however, that the phenomena 
there observed were developed after, rather than before, the Calumet stage. 
They are discussed in a subsequent connection. It is probable that the cause of 
the low- water stage was tbe wasting of the Lake Michigan Glacier to such an 
extent that an outlet was opened to the northeastward which was lower than the 
Chicago outlet. 

CALUMET STAGE. 

Following the low-water stage the lake basin was again flooded and the 
southwestward discharge through the Chicago outlet was resumed. This second 
high-water stage was probably due to the closing of the northeasterly outlet. 
If the deposition of the red clay north of Milwaukee occurred at this stage the 
closing of this outlet was due to the readvance of the Lake Michigan Glacier 

«0p. clt., p. 441. 
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southward to the latitude of Milwaukee. It appears to make little essential 
difference in the interpretation of the phenomena of this area whether the glacial 
deposition of the red claj- be regarded as occurring before or after the interval 
of emergence which preceded the Calumet stage. The evidence on this point is 
thus far not decisive. At whatever stage this readvance and deposition of this 
clay occurred, lacustrine conditions south of the latitude of Milwaukee were 
correlated with the glaciation north of this latitude. On the retreat of the 
glacier the lake again extended itself northward. 

The Calumet stage of Lake Chicago received its name from Mr. Leverett 
because of the relations of Calumet River, in Cook County, 111., to the shore 
line. During the Glenwood stage the discharge through the Chicago outlet had 
cut down the barrier so that at the Calumet stage there was formed a shore 
line which now stands 35 or 40 feet above the level of Lake Michigan. The 
Calumet shore line is well developed all about the south end of the lake basin. 
It has been cut away between Evanston and Waukegan, 111., but, extending 
northward from Waukegan to a point about 4 miles north of Racine, Wis., there 
is an ancient beach at the same elevation as that south of Evanston 111. (PI. 
XIV). Through Kenosha County the distance of this old shore line from the 
present beach varies from a few rods to nearlj' a mile. In Racine County, 
excepting where it cuts across Wind Point, the old beach deposits lie at the 
crest of the present lake bluff (PI. IX, B). From a point li miles northwest of 
Wind Point light-house nearly 50 miles to the north so great has been the 
encroachment of the lake upon the land that no trace of the old shore line 
remains. 

POSSIBLE SECOND LOW-WATER STAGE. 

Reference has alreadv been made to the evidence of a low stage of water which 
Mr. Leverett" found at Holland, Mich. This evidence consists of an abandoned 
valley leading from Grand Rapids to Holland, Mich., at a depth at least 30 feet 
lower than the present lake level. This channel was formed subsequent to the 
formation of a beach which now stands upon a flat 30 to 40 feet above the lake, 
and prior to a lower beach which is now 25 feet above the lake. If the higher 
beach ridge, which is built up to 60 to 65 feet alx)ve the lake, is the Calumet 
beach, the emergence must have occurred l^etween the Calumet and the Toleston 
stages. 

Records of test borings on file in the office of the city engineer at Milwaukee 
show the presence of marsh deposits in the lower courses of Milwaukee and 
Menominee rivers at Milwaukee, extending about 50 feet below the level of 

a Op. fit., p. 446. 
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the lake. Thene indicate that at some stage, when the lake watei*s had with- 
drawn approximately 50 feet below their present level, the valleys were cut 
down to that level. A refilling of the lake basin flooded the lower parts of the 
valleys and caused them to be filled with marsh and lake deposits. The fluctua- 
tion of the lake level indicated by this is commensurate with that sliown by 
the channels on the east side of the lake. Unfortunately there seems to be 
nothing to indicate just at what time this emergence took place. It seems 
probable, however, that it did not occur prior to the deposition of the nnl clay. 
The draining off of the waters at this stage, as before, was probably due to 
the opening of a northern outlet, either by a depression in that region or })y the 
withdrawal of an obstructing glacier. 

TOLESTON STAGE. 

An obstruction of the northeast outlet again brought about a high-water 
stage and a resumption of the southwestward discharge through the Chicago 
outlet. The cutting down of this outlet had progressed so far that, at the 
Toleston stage, the lake developed its shore line but 20 to 25 feet above the 
present level of Lake Michigan. This third shore line, which takes its name 
from the village of Toleston, Ind., is well developed about the south end of the 
lake basin. Like the Calumet shore line, it has been destro3'ed between Evanston 
and Waukegan, 111., but is yet preserved from Waukegan to Kenosha, Wis., 
where it is closely followed by the line of the Chicago and Northwestern 
Railway. From the State line to Kenosha it lies one-half to three-fourths of a 
mile from the present beach. North of Kenosha for nearly 6n miles it is 
entirely cut away except for some remnants of terraces in Milwaukee County. 

LAKE MICHIGAN. 

The final opening of the Straits of Mackinac and the consequent lowering of 
the lake level caused the abandonment of the Chicago outlet and the initiation 
of the present stage of the lake. The name ''Lake Michigan'' is applied to the 
lake from the final closing of the Chicago outlet to the present. 

lilTirOLOGICAL. OOMPOSITIOX OF THE DRIFT. 

GENERAL STATEMENT. 

In order to obtain a somewhat definite knowledge of the lithological 
composition of the glacial drift of southeastern Wisconsin, as a basis for deduc- 
tions concerning the derivation, transportation, and deposition of the material 
composing the various glacial features, a large number of analyses of the drift 
of this region have been made. The data for these have been gathered during 
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several years of study, and embrace an area somewhat larger than that covered 
by the preceding discussion. It has been thought best, however, to put the 
results of this study into permanent form; and since most of these data have to 
do with the phenomena treated at length in the preceding discussion, it may be 
as well to incorporate the whole in this paper. 

The data presented are the results of the examination of about 47,^00 rock 
specimens collected at 266 places distributed over an area of about 2,940 square 
miles, embmced between parallels 42^ 80' and 43^ north latitude and meridians 
87 45' and 89^ 30' west longitude. This area, in southeastern Wisconsin, includes 
the whole of the counties of Racine, Kenosha, Walworth, and Rock; the southern 
parts of Milwaukee, Waukesha, and Jefferson counties; the southeastern part of 
Dane County, and the eastern part of Green County. 

This area includes considerable tracts of pre-Wisconsin drift, the southern part 
of the area covered by the Green Bay Glacier, the area covered by the Delavan 
glacial lobe, and a part of the main Lake Michigan Glacier, and the attendant 
outwash deposits. The results of the analyses are shown in the accompanying 
tables, A-K, and the distribution of the places at which the analyses were made 
is shown on PI. XV. Of these estimates, 43 were made in the pre-Wisconsin 
drift area, 42 in the outwash deposits bordering the Darien and Johnstown 
moraines, 27 in the Johnstown terminal moraine, 21 in the Milton terminal 
moraine, 12 in the interiobate Kettle moraine, 34 in the ground-moraine tract of 
the Green Bay Glacier, including the Hebron terminal moraine, and certain other 
morainal deposits, 29 in the Darien teiminal moraine, 27 in the Elkhorn terminal 
moraine, 20 in the Valparaiso terminal moraine, 5 in the outwash deposit betw^een 
the Darien and Elkhorn moraines, and 6 in the lake-border moraines of the Lake 
Michigan Glacier. 

METHOD OF ANALYSIS. 

In making these analyses, one to several hundred pebbles were taken indis 
criminately from the drift at each of the places indicated; these were soi-ted with 
reference to the rock formations from which they were derived, and the percent- 
ages noted. Owing to the infrequent occurrence of fossils, the detenninations 
were necessarily based on lithological characters. The characters of the several 
rock formations of the area are generally so distinctive as to be readily recog- 
nized by one familiar with them. There are, however, gradations from one type 
to another, so that discriminations can not always be made; thus, at best, the 
determinations can be considered as but rough approximations of' the truth. 
Undoubtedly the judgment of ditferent persons would differ considerably as to 
the identitication of the rock specimens at any given locality. There would be 
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very little variance, however, in their judgment as to what was of local derivation 
and what was foreign to the area. 

Further, the soft shales of the Cincinnati group, whose contribution was 
principally to the rock-flour matrix of the till, are entirely neglected in these 
estimates, and the friable sandstones of the St. Peter and Potsdam groups are 
probably not fully represented in the coarser material of the drift. Notwith- 
standing these limitations, the value of the results obtained is far from being 
vitiated. The remarkable agreement between the results obtained on the distri- 
bution of the local material and what would be expected from a priori consid- 
eration of the conditions of deposition, indicates more than a mere coincidence; 
and the still more remarkable agreement between the relative proportions of 
local and foreign material shown by the different tables seems to indicate that, 
taken in a large way, the results of the analyses must be very near a true 
exposition of the composition of the drift of the area. In consequence of the 
conditions of the determinations care must be taken not to press too far infer- 
ences based on mere local differences. 

LOCAL AND FOREIGN MATERIAL IN THE DRIFT. 

In considering the drift of any given part of this area, we may regard as 
foreign constituents all those rock fragments for which no parent formations are 
known within the limits of eastern Wisconsin in the path of the glacial move- 
ment which reached or crossed the tract in question. Thus, as will be seen by 
reference to PI. I, in the area traversed by the Lake Michigan Glacier we may 
regard as foreign all the crystalline rocks, quartzites, and sandstones, and all the 
limestones and shales which can be identified as from formations below the 
Trenton group or above the Devonian. Excepting the area of the Delavan 
glacier lobe, the Trenton and Galena limestones and the Cincinnati shale, if they 
occurred, would also be excluded from the local material. As a matter of fact, 
the identifications by the writer have warranted only the classification of the 
crystalline rocks, the sandstones, and the quartzites as foreign mateiial in the 
drift of the Lake Michigan Glacier. 

In the drift of that part of the area traversed by the Green Bay Glacier 
lying within the district under discussion, all the Paleozoic material, limestones, 
sandstones, and shales, from the Potsdam to the Niagara, inclusive, may be of 
local derivation. The knobs of the Huronian quartzite in northwestern Jefferson 
County and southeastern Dodge Countj^, in what is known as the Waterloo area, 
contributed much quartzite material, from which it is difficult to discriminate 
quaitzite material which may be from more distant points, so that in the Green 
Bay drift only the crystalline rocks are regarded as certainly of foreign deriva- 
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tion. Certain crystalline knobs occur in eastern Wisconsin, but not in the track 
of the ice reaching the south end of the lobe. 

So also in the pre- Wisconsin drift areas, only the crystalline rock material is 
regarded as surely of foreign derivation, inasmuch as a large part of the quartz- 
ite material there found has been regarded as derived from the Waterloo 
quartzite knobs. 

If now we consider the 266 analyses presented in the accompanying tables 
with reference to the percentages of local and foreign material in the drift of 
the area under discussion, it is seen that the foreign material ranges from 3 to 32 
per cent at the exposures examined, with the exception of one point where 50 
per cent of foreign material was found. The average percentage of foreign 
material shown by all the analyses made is 12.93. That the variations are within 
narrow limits is shown by the following: 

Rhum^ of analyses of drift materials. 
Number of Percentage of 

analyHeji. foreign material. 

230 20 

23 20 to 25 

11 25 to 30 

1 32 

1 50 

266 12.93 

a Average. 

If we consider the drift deposited by the several glaciers with reference to 
the percentages of local and foreign material, omitting the averages for the 
outwash deposits and the interlobate Kettle moraine, in all of which there was a 
mixture of drift from the Green Bay Glacier and the Delavan glacial lobe, the 
following results are obtained: 

Amount of ffrrnrpn. material in drifts. 

Percentage of 
foreign material. 

Pre-WiBconsin drift 11.55 

Drift of Green Bay Glacier 10.73 

Drift of Lake Michigan Glacier, including the Delavan glacial lobe 15.55 

# 

Taking the averages of the terminal moraines, we find the following per- 
centages: 

Amount of foreign material from Green Bay Glacier. 

Percentage of 
foreign material. 

Johnstown moraine ... 10. 03 

Milton moraine 10. 53 

Average of 48 analyses 10. 248 
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Amount of foreign material from Lake Michigan Glacier. 

Percentage of 
foreign material. 

Darien moraine 15. 74 

Elkhom moraine 17. 48 

Valparaiso moraine 13. 259 

Average of 76 analyses 15. 698 

If we omit the sandstones and quartzites from the foreig^n material of the 
Lake Michigan drift, taking only the crystalline rocks, as in the Green Bay drift, 
the difference stands as follows: 

Comparative amounts of foreign crystalline material from Green Bay and Jjike Michigan gUu-iern. 

Percentage of foreign 
crystalTine rocks. 

Green Bay (ilacier moraines 10. 248 

I^ke Michigan Glacier moraines 14.904 

There appears to be no verj^ notable difference between the ground moraine 
and the terminal moraines in the percentage of foreign material, as shown by 
the following: 

Comparalive amounts of foreign material from ground and terminal moraines. 

Percentage of 
foreign material. 

Green Bay ground moraine 11. 42 

Johnstown terminal moraine 10. 03 

Milton terminal moraine 10. 58 

In the interlobate Kettle moraine, the Heart Prairie outwash deposits border- 
ing both the Elkhorn and the Milton moraines, and the outwash deposits bordering 
both the Darien and the Johnstown moraines, in all of which the drift of the Green 
Ba}^ and Lake Michigan glaciers is commingled, the drift is of an intermediate 
character, as shown by the following: 

Amounta of foreign material in commingled drift from Green Bay and Lake Michigan gbiciers 

Percentage of 
foreign material. 

Interlobate Kettle moraine 15. 99 

Heart Prairie outwash deposit 11. 71 

Darien- Johnstown outwash deposit 12. 78 

Average of 59 analyses 13. .14 

A notable evidence of the thorough commingling of the local and foreign 
material during the transportation and deposition is found in the fact that in not 
one of the analyses of the material taken at random from these 266 exposures is 
crystalline material absent. 

In considering the transportation of these erratics it should be noted that in 
all probability not a little of this foreign material was carried well on its way 
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southwi^rd by the glaciers of the earlier stages, and was picked up and carried 
onward during the later advances. Thus, if the facts were known it might be 
found that a considerable part of what is here called foreign material in the 
later drift sheets was picked up from the earlier drift at no great distance from 
the place of final deposition. 

ENGLACIAL AND SUBGLACIAL DRIFT. 

On the final melting of a glacier the englacial and superglacial drift is left 
commingled with the upper part of the subglacial drift or upon its surface. It 
is doubtful if englacial and superglacial till can be successfully distinguished 
from subglacial till after deposition has taken place. Being carried higher up in 
the ice, it would presumably be carried farther before it was deposited, so that 
the englacial drift at any given place might reasonably be expected to show a 
higher percentage of foreign material than that which was of subglacial origin. 
None of the material examined for analyses was found more than 30 or 40 feet 
below the surface, and most of it was from surface exposures or excavations 
but a few feet in depth. It represents ground moraine, terminal moraine, and 
out wash deposits, drumlins, kames, and esker-like ridges; yet nowhere has the 
writer seen an}' evidence of distinct englacial or superglacial till. The prevalent 
low percentages of foreign material, and high percentages of material which may 
liave been derived from formations at comparatively short distances from the 
places of deposition, are just what would be expected in subglacial till. In more 
than 86 per cent of the analj^ses, material which might have been derived not 
more than 50 or 75 miles from the places of deposition constitutes 80 per cent 
or more of the drift. 

There is, however, a certain part of the drift which appears to be very largely 
of englacial origin. This is the deposit of bowlders upon the surface of the drift 
sheet. Within the limits of the bowlder fans leading out from the Waterloo 
quartzite knobs in the area of the Green Bay Glacier, the local material forms a 
high percentage of the surface bowlder deposit. At many places there are bowl- 
ders of the local limestones, but they are generally few in number. There is a 
very much scattered train of bowlders of coarse, granular limestone, resembling 
that found in the ancient reefs of the Niagara formation, in the vicinity of 
Wauwatosa. This train may be traced southwestward from the vicinity of Wau- 
watosa for some distance, and the blocks were not improbably derived from the 
rock in this locality. Taken as a whole, however, the amount of local material 
in the surface bowlder deposit is ver}' small. Accurate determination of percent- 
ages has not been made, but tne distribution of the deposit has been mapped in 
considerable detail, and the character of the bowlders has been carefully obserA'ed. 
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The writer confidently asserts that, excluding the quarzite bowlder fans, less ;than 
10 per cent of the hundreds of thousands of bowlders scattered over the area 
are of other than foreign crystalline rocks. With these, at a few places, is consid- 
erable brown sandstone, probably from the Potsdam group of the Lake Superior 
region. It thus appears that the percentages of local and foreign material in the 
drift sheet and in the bowlder deposit upon its surface stand almost in inverse 
ratio. This bowlder deposit, lying as it does upon the surface of the drift sheet, 
and being composed so largely of material entirely foreign to the southeastern 
part of the State, seems clearly to be englacial drift. So far as the writer's 
observations have gone, this is the only part of the drift deposit which can with 
any certaint}' be regarded as of other than subglacial origin. 

Noticeable among the surface erratics of the pre-Wisconsin drift area, because 
of the striking color which renders their identification easy, are bowlders of red 
quartz-porphyry. These are especially frequent in the older drift area east of 
Rock River. Though present in the later drift, they are much less frequently 
seen than in the older drift. These are believed to have been derived from the 
pre-Cambrian formations north of I^ake Huron, whence they were brought to 
this area by the southwesterly movement of the earlier glaciers. 

DISTRIBUTION OF THE LOCAL MATERIAL OF THE DRIFT. 
PRE-WISCONSIN DRIFT. 

In considering the distribution of the local material of the drift, frequent 
reference should be made to the accompanying tables of analyses, to PI. XV, 
showing the distribution of these analyses, and to PI. I, which shows the rela- 
tions of the late Wisconsin glaciers to the geological structure of the eastern 
part of the State. 

A glance at Table A shows how general is the presence of local material of 
easterly derivation (that from the Niagara limestone) in the pre-Wisconsin drift. 
This is represented especially by the Niagara limestone, which is sometimes 
present in considerable amounts, even west of Sugar River, in the towns of 
Decatur, Spring Grove, and Jefferson, in Green County. 

This evidence of westeriy or southwesterly movement of the earlier glaciers 
is in consonance with that afforded by stria' observed in the vicinity of Janes- 
ville and Beloit, and with the stria* and drumloidal ridges found in the older 
drift area east of Rock River. 

The largest single element of this drift is from the Trenton group, as would 
be expected from its wide distribution in the area of the older drift. The (lalena 
and Trenton together constitute more than .50 per cent of the material examined. 

The subject of the derivation and distribution of the (juartzite drift of the 
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pre- Wisconsin area requires an extended discussion and the consideration of 
questions which have not been fully solved, so that it has been thought best to 
leave this very interesting and important element entirely out of the present 
discussion. The same omission is made in regard to the quartzite lK)wlder trains 
of the Green Bay Glacier. This subject has been discussed by Mr. Ira M. 
Buell, in a paper before the Wisconsin Academy of Science, Arts, and Letters.'' 

DRIFT OF THE GREEN BAY GLACIER. 

The direction of the axial movement in the Green Baj- Glacier and of the 
lines of deployment in the southern end of the lobe, as shown by the drumlins 
and stria?, was in general parallel to the strike of the Paleozoic formations which 
were overridden (PI. I). In consequence of this, the local drift material is dis- 
tributed in more or less clearly marked belts, corresponding in arrangement to 
that of the underlying rock formations. Since the lines of flowage did not cor- 
respond exactly to the trend of the outcropping belts of the several formations, 
and since the area appears to have been traversed by an earlier glacial movement 
of more southwestward trend, there is considerable mixing of the local material 
throughout the several belts. Nevertheless, it is remarkable how quickly and 
distinctly the passage from one of these Paleozoic belts to that of a higher or 
lower formation manifests itself by a change in the composition of the drift. This 
change in the character of the drift in passing across the Green Bay drift from 
east to west is readily seen from an inspection of Tables B, C, D, and E. These 
tables show the composition of the drift of the Johnstown terminal moraine, the 
Milton terminal moraine, the ground moraine of the Green Bay Glacier, and 
the interlobate Kettle moraine, respectively. As will be seen from the index 
map, PI. XV, the analyses are arranged in the several tables in the order of their 
location from east to west. 

In the Kettle moraine (Table E), where it lies close to or upon the west margin 
of the Niagara formation, the predominant constituent is Niagara limestone. 
Though not shown in this table, material from the Cincinnati shale is also 
abundant in some parts of this moraine. The Galena and Trenton limestones, 
not discriminated here, form a large part of the drift contributed b}' the 
Green Bay Glacier. Westward along the Johnstown moraine (Table B), the 
Niagara constituent decreases until it almost disappears on crossing Rock River 
in the town of Janesville. In the Milton moraine (Table C) it does not appear 
in the estimates west of the town of Lima. In the ground moraine (Table D) 
Niagam limestone is the principal constituent in the towns of Ottawa, Eagle,. 

«i Buell, Ira M., Bowlder trains from the oiitorops of the Waterloo quartzite area: Trans. Wisconsin Acad. Sci., 
Arts, and Let., vol. 10, 1895. pp. 485-609. 
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Sullivan, and Palmyra, though the Galena and Trenton limestones are not shown 
separately in the table. So large is the Niagara ingredient as to give rise to a 
suggestion that the front of the Lake Michigan Glacier might have advanced 
farther west than the line of the Kettle moraine before the Green Bay Glacier had 
fully developed. It seems more probable, however, that a part of this westerly 
distribution was due to the earlier advances of the ice, or it may be that this 
material was derived farther north, where the Niagara formation has a more 
westerly extension. (See PI. I, p. 12.) 

As the Niagara constituent decreases on going westward, the Galena limestone 
increases, becoming the predominant element until the zone is reached where the 
Trenton limestone is exposed by erosion in the pre-Glacial Rock River Valley 
and its tributaries in the towns of JeflFerson, Koshkonong, Milton, and Harmony. 

The Trenton limestone is generall}' the largest ingredient of the drift in the 
region west of the pre-Glacial Rock River Valley. The Lower Magnesian lime- 
stone does not become a recognizable constituent until the region of its exposure 
in the pre-Glacial Yahara or Catfish basin of southern Dane County is reached. 

The sandstone element, though genei'ally present, is probablj^ not accuratel}^ 
shown in the tables. Owing to the friable character of the sandstones, as has 
been stated, their contribution was generally more to the finer material of the 
drift than to the coarser material from which the analyses shown in the tables 
were made. The prevalent character of the finer material of the till is that of a 
rock flour derived from the abrasion of limestones and shales. 

On passing westward from Rock River the increased contribution from the 
sandstone formation is evident in the more arenaceous character of the drift. 
With the increase of arenaceous material the till becomes less compact and the 
effects of leaching and oxidation extend to greater depths. The more compact 
till of the limestone districts is rarely leached of its lime carbonate to greater 
depths than 1 or 2 feet, while the effects of oxidation are manifest only in the 
change of the color of the upper part of the till from bluish gray to light buff. 
In the more arenaceous parts the carbonates may be removed to depths of 3 to 5 
feet, or even more, while the color of the upper part of the drift has been 
changed from buff to brownish, and the buff color extends to greater depths. 
This difference is worthy of note, especially in making comparisons of the 
evidences of age in the earlier and the later drift sheets. In the discussion of 
the pre- Wisconsin drift east of Rock River it was stated that this drift was 
thoroughly leached of its calcareous elements to a depth of 3 or 4 feet, some- 
times to a depth of .5 feet or more, while oxidation had stained the upper 3 or 4 
feet to a brownish or a yellowish brown color. Even so far west as the margin 
of the drift area, near Monroe, in Green County, the depths of leaching noted in 
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clayey till were generally not more than 3 or 4 feet, and nowhere more than 
7 feet. 

It is thus apparent ihat it is important to note the composition and texture 
of the drift when drawing inferences as to the relative age of the drift sheets 
from the amount of leaching and oxidation accomplished. 

The percentages of Huronian quartzite shown in the Tables B, C, and D 
are not to be taken as a true exposition of the quartzite content of the drift within 
the (juartzite bowlder fans. A large number of estimates of this quartzite content 
were made by Mr. Ira M. Buell during his study of the bowlder fans derived 
from the Waterloo outcrops. Several other estimates were made by the writer 
in northern Rock County and eastern Dane County, but as these were to determine 
the actual amounts of quartzite material rather than the percentages of the different 
rock constituents of the drift, they have been omitted from the tables. As has 
been stated, the full discussion of the quartzite drift is not taken up in this paper. 

DRIFT OF THE DELAVAN LOBE AND OF THE MAIN LAKE MICHIGAN GLACIER. 

Passing now to the coasideration of the drift of the Delavan lobe and the 
main Lake Michigan Glacier, as shown in Tables H, I, J, and K, we see that the 
composition is considerabl}' different from that of the Green Bay Glacier. The 
Niagara limestone is everywhere the predominant constituent of the drift. 
Material derived from the lower horizons of the Paleozoic formations is present 
in notable amount onl}' in those parts of the Elkhorn and Darien moraines which 
lie across the pre-Glacial Troy Valley, in whose slopes the Cincinnati shales, the 
Galena limestone, and probably also the Trenton limestone were exposed. The 
Niagara constituent stands as follows: 

Niagara JimesUme in the drift of ih- Lake Michigan Glacier. 

Per cent. 

Darien moraine of Delavan \o\)e 60. 69 

Elkhorn moraine? of Delavan lobe 64. 05 

Valparai^^o moraine of I^ke Michigan (Jlacier 86. 724 

Lake-l)or(ler morainic system of l^ke Michij?an Glacier 76.68 

Averages of 82 analyses 69. 31 

The. difference between the drift of the Delavan lobe and that of the Green 
Bay (ilacier begins to show itself in the interlobate deposit northeast of Richmond, 
as will be seen by comparing Tables B and H. Analyses 1-6, Table B, were made 
on the Green Ba\' side of this deposit. Analyses 1-9, Table H, were mt^de on the 
Delavan side of the same deposit. Though there was doubtless considerable mixing 

9986— No. 84—04 6 
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of the drift of the two glaciers in this tract, yet the analyses show a marked 
difference in the percentages of Niagara limestone. 

That the Galena and Trenton limestones should appear in so large percentages 
as they do in more than 40 different analyses of the drift of the Darien and 
Elkhorn moraines seems remarkable, considering the limited extent of the expo- 
sure of these formations within the area of the Delavan lobe, and considering that 
the material examined was taken at the surface of the drift, 100 to several hun- 
dred feet higher than the levels at which the rock formations were exposed to 
glacial action. The average percentages of Galena and Trenton limestone in those 
parts of the Darien and Elkhorn moraines lying across the pre-Glacial Troy 
Valley northwest of Lake Geneva are as follows: 

A vtrage amounts of Galena and TVenton limestones in parts of Darien and Elkhorn moraines. 

Per cent. 
Darien moraine 25. 10 

Elkhorn moraine 18. 54 

It seems hardly possible, however, to ascribe all the amounts shown in the 
42 analyses to errors in identification, or to a mixing of the drift of the Green 
Bay Glacier with that of the Delavan lobe. Each of these factors may enter 
into the results shown, but there still remains evidence that considerable material 
was derived from the Galena and Trenton formations exposed in Troy Valley 
and brought to a position for deposition in the upper part of the moraines 
within a few miles of the limit of the advance. It is, of course, possible that 
this material was picked up by the earlier glaciers and was taken from earlier 
drift by the Delavan lobe and redeposited. 

Following the Darien and Elkhorn moraines eastward about Lake Geneva, 
into the Niagara province, through the towns of Walworth, Linn, Bloomtield, 
Geneva, Lyons, and Burlington, the Galena and Trenton constituents disappear 
from the analyses and the contribution from the Niagara group becomes generally 
70 to 90 per cent. 

In the material examined from the Valparaiso morainic system (Table J) the 
Niagara constituent does not fall below 82 per cent. 

A part of this Niagara constituent, which is clearly very local in its deriva- 
tion, consists of fragments of red argillaceous limestone. The only exposures of 
these red beds in situ is in a quarry 1 mile southwest of Burlington, but their 
presence in the lower part of the Niagara formation in western Racine and Kenosha 
counties is shown by numerous wells. This red material is general!}' present 
in the drift of western Racine and Kenosha counties and in eastern Walworth 
County. Anal^^ses within the western half of the Niagam province frequently 
show 1 to ;^ or more per cent of this material. 
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The drift in the lake-border belt (Table K) contains, in addition to the Niagara 
material, thin-laminated, brittle limestone from deposits exposed near Milwaukee, 
referred to the Salina formation, and fragments of the hydraulic limestones and 
blue and black shales of the Hamilton group which occur in the same vicinity. 

OUTWASH DEPOSITS. 

It has already been noted that the drift of the outwash deposit associated 
with the formation of the Darien and Johnstown moraines is intermediate in char- 
acter between that of the moraines which it borders in regard to the percentages 
of foreign material. This is a consequence of the intermingling of the detritus- 
bearing waters from the Delavan and Green Bay ice fronts. 

The results of this commingling are even more plainly seen in the distribu- 
tion of the local constituents. Table G shows the analyses of the drift of this 
outwash deposit. It will be seen by referring to this table that the Niagara 
material is very generally distributed through the deposit, being shown by all 
the analyses except the one made in the town of Union, the most northwesterly 
township of Rock County. The Niagara constituent, however, nowhere reaches 
20 per cent, except in those parts which received the discharge directly from the 
front of the Delavan lobe, as shown by analyses 39 and 40, Table G, or in those 
parts of Bradford, La Prairie, Turtle, Rock, and Beloit townships which were 
reached by the Darien waters from this lobe passing through the Turtle Creek 
gorge, in southern Bradford Township. (See analyses 22, 28, 29, 30, 32, and 
34-41.) As has been previously noted, the larger percentages of Niagara mate- 
rial in these parts is one evidence that outwash material from the Darien moraine 
was actually carried through the rock gorge by the escaping waters. 

The predominant constituent of the coarser outwash drift, as would be 
expected, is Trenton limestone, with which is considerable drift showing the 
characteristics of the Galena limestone. Sandstone pebbles are generally present, 
as is also a large ingredient of loose quartz sand. In some parts the deposit is 
mostly sand. Quartzite pebbles are generally distributed, though in small 
amounts. 

Table F shows a few analyses of the outwash deposits formed behind the 
Darien moraine which border the Elkhorn and Milton moraines near their point 
of junction. As has been stated, the disposition of this deposit indicates that the 
outwash was principally from the Green Bay Glacier. The percentages of Niagara 
limestone shown in Table F are intermediate between the low percentages of 
Niagara material in the Milton moraine in Whitewater Township and the high 
percentages of material from the same formation in the Elkhorn moraine. This 
indicates a mixture of drift of the Delavan lobe and of the Green Bay Glacier 
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by the waters from the interlobate angle near Lagrange and from the contiguous 
ice fronts. 

LESS COMMON CONSTITUENTS OF THE DRIFT. 

COPPER, IRON, MARCA8ITE, AND DIAMONDS. 

Among the less common of the foreign ingredients in the drift of this area 
are pieces of metallic copper from the Lake Superior regions. These specimens, 
popularly known as ''float copper" or "drift copper," are found not infrequenth', 
though they are by no means abundant. They var}" from a few ounces to several 
hundred pounds in weight. A farmer living near the village of Caldwell Prairie, 
in northwestern Racine County, informed the writer that he had at one time 
plowed up on his land a piece of float copper weighing over 500 pounds. 

Occasional pebbles of ferruginous sandstone and other iron ores occur within 
and upon the surface of the drift. 

The writer has found a few nodules of marcasite in the drift near Milwau- 
kee. These have a radiating crystalline structure. 

Foreign elements of great interest as w^ell as of rare occurrence in the drift 
are the diamonds which have been found at several places in southeastern Wis- 
consin. Three of these stones were found within the area under discussion. The 
first was found in or near the village of Eagle, in southwestern Waukesha 
County, in 1876; another, on the farm of Judson Devine, 2^ miles southwest of 
the village of Oregon, in Dane County, in October, 1893; while a third was found 
near Burlington, Racine County, at a time which has not been ascertained. 

These, as well as other diamonds found in the glacial drift of the region of 
the Great Lakes, have been described, and their mode of occurrence discussed, by 
Prof. William H. Hobbs.** Professor Hobbs gives a probable explanation of the 
diamond distribution, and discusses the subject of a probable source of derivation 
east of James Bay, with references to other publications. The accompanying data 
concerning the Eagle, Oregon, and Burlington stones are from this article by 
Professor Hobbs: 



a Hobbs, Wm. U., The diamond field of the Great Lakes: Jour. Geol., vol. 7, 1899, pp. 376-388. 
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The occurrence of the three stones found in the area under discussion was 
as follows: The Oregon diamond was found about one-half mile inside the outer 
margin of the outer or Johnstown terminal moraine of the Green Bay Glacier, at a 
point about 3 miles northwest of the northwest corner of Rock County, where the 
moraine enters Dane County from the southeast. The Eagle diamond was found 
in the interlobate Kettle moraine, or the closely bordering outwash deposits of the 
upper terrace, in or near the village of Eagle, in southwestern Waukesha County. 
The exact location of the Burlington find is not known, although the stone is 
believed to have come from the terminal-moraine deposits of the Lake Michigan 
Glacier or of the Delavan lobe of the same in the vicinity of Burlington. The 
approximate locations are shown on PI. XV. These, like all the other drift 
diamonds of the region of the Great Lakes, occur in the terminal moraines of 
the late Wisconsin glaciers or in the attendant outwash deposits. 

Professor Hobbs states that of the seventeen diamonds which have been found 
in the glacial drift of the Great Lakes region, three of the stones (including the 
two of largest size) remained in the hands of the farming population without 
their nature being discovered for periods of eight and one-half, seven, and more 
than fifteen years, respectively, so that it is not at all improbable that others now 
lie in the little collections of "pretty stones" and local curios which adorn the 
clock shelves of the country farm houses. Doubtless also many others still lie 
buried in the drift. That they are, however, of infrequent occurrence may be 
inferred from the writer's own experience. He has not discovered a single dia-. 
mond in sevei'al seasons' examination of the drift in all of its aspects within the 
area. He has not, however, made a special search for them. 

SUMMARY. 

In conclusion, a few of the salient features of this discussion of the litholog- 
ical composition of the drift of this part of southeastern Wisconsin may be pointed 
out. 

The drift of the area is predominantly of local character, some of it appar- 
ently having its place of derivation within a few miles of the place of final 
deposition. This local material constitutes about 87 per cent of the material 
examined. 

About 13 per cent of the material examined must have traveled several hun- 
dred miles to reach its destination. Some of the foreign material may have made 
part of the journey at earlier stages of glaciation. 

The relative amounts of local and foreign material in the body of the drift 
and in the bowlder deposit on its surface stand in almost inverse ratio, the 
surface bowlders being predominantly foreign. From this fact, and from their 
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occurrence at the top of the drift deposit, the surface bowlders are probably to 
be regarded as englacial drift. 

The distribution of the local matenal is in conformity with other evidence of 
the manner of deployment of the glaciers. The several local constituents of the 
drift of the Green Bay Glacier are distributed through overlapping belts, whose 
arrangement from east to west corresponds to that of the outcropping belts of 
the several Paleozoic formations from which they are derived. There has also 
been more or less westward shifting of this material, due very largely to the 
general westerly movement of the earlier glaciers. 

The drift of the Lake Michigan Glacier is predominantly Niagara limestone, 
but where the Delavan lobe crossed the pre-Glacial Troy Valley considerable 
Gralena and Trenton material was introduced. In western Racine and Kenosha 
counties and eastern Walworth County the red beds of the lower part of the 
Niagara group manifest themselves by their contribution to the drift, though they 
are exposed at but one point, near Burlington. The Salina and Hamilton forma- 
tions contribute to the drift of the lake-border belt, but they appear not to have 
sent much material farther west. 

There is little essential difference in lithological composition between the 
pre-Wisconsin and the later drift of the Lake Michigan Glacier. It shows, 
however, a much more westerly distribution of the Niagara limestone than occurs 
in the Green Bay Glacier. The Niagara material west of Sugar River in Green 
County agrees with the striae observed near Jauesville and Beloit, and with the 
drumloidal trend of the older drift hills in eastern Rock and western Walworth 
counties, in being evidence of the westerly movement of the earlier glaciers. 
This is a matter of special nioment in the consideration of the derivation of the 
quartzite pebbles and bowlders of the older drift area. 

So far as the writer's observations have gone, there appears to be no essen- 
tial difference between the drift of the terminal moraines, outwash, ground 
moraines, and drunilins, in the relative amounts of local and foreign material. 
In all these features the predominant \oca\ character of the drift indicates a sub- 
glacial origin of the component material. 
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Tablb a. — Pre- Wisconsin drift — Continued. 
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Table B. — Johnstovm terminal moraine of the Green Bay Glacier — Continued. 
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Table C. — Milton terminal moraine of the Green Bay Glacier — Continued. 
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Table D. — Ground moraine of the Green Bay Glacier. 
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Lower Magnesian limestone (in- 
chidinir Mendota limestone) .... 






44 

89 


St Peter and Potsdam sandstone. , 






1 

i 

1« 


% 






s 

16* 


1 

20 


1 


1 


ai 


* 


3 


I 


Huronian auartzite , 




2 
U 




1 
u 




Archcan crvstalline rocks * , 


19 


14 


22 


H 


a 


S3 


n 


('hi*rt And oiiartz ^ 




Doubtful moHtly limestone - 












U 










1 


2 

100 

m 


9 

too 


























PnK)f 


100 


100 
14 


100 


100 


100 


100 

; 


lOO 

m 


100 


100 


100 
9 


100, 
S2 


too 






IVrcentage of foreign material. . .. 


n 


11^ 


13 
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DELAVAN LOBE OF LAKE MICHIGAN GLACIER. 

Table D. — Ground moraine of (lie Crreen Bay Glacier — Continued. 



Number of analysis . 



Town. 



16 



Lima (T. 4 N., 
R. 14 £.). 



17 I 



I 



20 



21 



22 



23 



24 ! 



25 I 



Koflhkononfir (T. 5 N.. K. 14 E.). 



Section . . 
Fraction. 



Niagara limestone 

Galena limestone 

Trenton limestone 

Lower Magnesian limestone (in- 
cluding Mendota limestone) . . . 

St. Peter and Potsdam sandstone. 

Huronian quartzite 

Archean crystalline rocks 

Chert and quavtz 

Doubtful, mostly limestone 



NE.J 

8 
59 
23 



36 



Proof 

Percentage of foreign material 



100 



10 



SW.i 

11 • 
49 I 
34 



Mid 

15 
61 
28 



13 



10 ; 



22 



22 



27 



N.» 

26 

4 

60 



SE.J ' Mid W.i SW.i 
16 



100 



100 



100 



100 



18 



33 



100 



3i 
100 



34 
NW.J 



I 



20 . 



32 
SE. J 8W. J 



I 



100 



6k 



32 
NE.J 



7 
55 i 
33 



15 
43 



16 ; 



100 100 I 100 



Number of analysis . 



Town. 



Section . . 
Fraction. 



Niagara limestone 

Galena limestone 

Trenton limestone 

Lower Magnesian limestone (in- 
cluding Mendota limestone) . . . 

8t. Peter and Potsdam sandstone. 

Huronian quartzite 

Archean crystalline rocks 

Chert and quartz 

Doubtful, mostly limestone 



Proof. 



Percentage of foreign material . . . 



27 1 



T. 6N., 
R. 13 E. 



Jefferson 
(T. 6N.. 
R. 14 E. 



SE. i 8W. i 



100 



Oakland (T. 6 
N.,R.13E.). 



SE. i 



16 



NW.} 



42 



■„i|- 



1 



2 
2 
12 



Albion 

(T. 5 N., 
R.12E.). 



22 
8W. J 



831 

11 

2i 
4 

8 
I 



38 



34 



Dunkirk Pleasant Sp 
T. 5N.. I (T.6N.,R.11E.). 



(T. 5 N.. 
R.11E.). 



11 



SW. i SW. i 



86i 

3 
3» 

6* 



24 



Averages 
(Niagara, 
Galena, 

and 
Trenton 
approxi- 
mate). 



SE. i 



86i 



100 
14 



7 . 




' 


100 




1 

* 













00 i 


100 


100 


100 


100 


12 


16 


8 


5t 


5 


8 



U.ll-f- 
25.5H- 
48. 6H- 

.19 
1.88 -f- 

.82 
11.42f 

.11 + 
1.56 

101. 16 f 
11.42 4- 



LITHOLOGICAL COMPOSITION OF THE DRIFT. 
Table E. — IrUerlobate Keitie moraine. 
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Number of anulysin 


1 


2 


3 
Eagl 

11 


4 

eCT.ft; 

21 


5 


6 
7 E.)... 


7 


8 


9 


10 
'.5N.,I 


11 


12 








Town 


(tenesee 
(T.6N.,R. 

18 E.). 


Palm 

as 


yra(T 


I 17 TC ^ 








ISO 


30 

m 




Aver- 
ages. 


Section 


h 


30 


26 

58J 
20 


26 
SW.J 


27 


38 








Fraction 


Mid. 


XELt 


Mid. 


m 


SW.A 


SW.i 

43 
26 




Niagara limoslone 


L__.._ 




39i 


534 
23 


59. i:i 


Galena and Trenton limestone 


18.40 


Lower Magneslan limestone (in- 
eluding Mendota limestone) ' - 




St. Peter and PotHdam sandstone.. 
Huronian quartzite 


• * 


2 

20 


2 

1 
2 


17 




2 

m 
1 

4 


1! 

m 

1 

3» 
100 


HI 


2 


15 




3.00 
.16 


Arehean crvslalline rocks 


lfi4 1U 


m 


131 


12 


15 99 


Chert and quartz 


1 

1 




.316 


Doubtful, mostly limestone 




4t 




« 


H 


1 


8 
100 


4 


2.98 


Proof 


lOQ 1 100 


100 


]0O 


100 


100 


lOO 


lOD 


100 


100 


99.98 






Percentage of foreign material 


m 


"791 


m 


20 


IS 


17 


HI 


m 


m 


Hi 


13i 


12 


15.99 



Table F. — Outwash deposits bordering the Elkhorn and Milton moraines near their point of junction. 

Number of analysis » 

Town 



Whitewater (T. 4 
N.,R.15E.). 



Secti<»n. 



24 



Fra<tion | SE. i 



Niagara limestone 

Galena limestone 

Trenton limestone 

Lower Magnesian limestone (including Mendota limestone) 

St. Peter and Potsdam sandstone 

Huronian quartzite 

Arehean cryst^illine rocks 

Chert and (luartz 

Doiibtful, mostly limestone 

Pnx>f 

Percentage of f<»reign material 



81 

67| 
13! 



Lagrange (T.4N. 
R. 16, E.). 



26 



20 



NE.i I 8E.A 



15|! 
29i 
38i 



32* 

m 

3 



Sugar 

Creek (T. 

3 N., R. 

16 E.). 



Averages. 



E. 4 



W. 4 



100 



111 
i 

3 



100 



100 



Hi! 



45 

30 I 
6 



27.38 
44.48 
12.28 



2 

io'i 



100 



10 



2 

16 I 
1 , 



2. 16 

.12 

iL71 

1.6 



99.78 
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Number of analysis .. 



DELAY AN LOBE OF LAKE MICHIGAK OLAGIER. 
Table G. — OuMoash dtpo9iJt» bordering the Darien and Johnstavm moraines. 

L 2 



3 



10 



11 I 



12 ! 13 I 



14 



I I 

Town Harmony (T. 8 N.,R. 18 E.) Janesville (T.3 N.,R.12 E.) 



Section 


26 


27 


33 


29 


» 


7 


14 


14 


15 


16 


18 


25 


26 

NE.i 

11 
3 
63 

3 

1 

4 

2 
100 

13 


35 


Fraction 


NE.i 


s.t 


NW.i 


N.4 

5 
6 
49 

11 
3 

11 
5 

10 
100 


NE.i 


s.» 

6 

1 
70 

8 

1 

7 
3 

5 

100 


SE.i 
11 


12 


NE.J 


SE.i 


Mid. 

5 
2 
67 

9 

1 

6 

8- 

2 


SW.J 


SE.i 


Niagara limestone. . . . 
Galena limestone 


17 
16 
53 

1 


16 
7 
60 

1 

8 

1 

8 


14 
18 
43 

5 

13 

7 
100 

13 


1 
1 
71 

12 

7 
3 

5 

100 


18 


18 


3 
41 
74 

8 

io» 

i 
2* 


11 


Trenton limestone . . . 

St. Peter and Pots- 
dam sandstone 

Hnmnian auartzite 


66 

8 
4 

3 
6 

4 
100 


79 


64 
3 


66 

7 
3 

6 
3 

3 


58 

3 
5 


Archean cr>'stalline 
rocks 


9 


9 


23 


9 


Chert and ouartz.... 




Doubtful, mostly 
limestone 


4 


100 


2 
100 


9 






Proof 


100 


100 


100 


100 


100 
104 


100 






Percentage of foreign 
mafiirlal 


9 


8 


11 


7 


7 


3 


9 


23 


:> 


6 


* 


Number of analysis . . 


15 


16 


17 


u 


19 


20 


21 


22 


23 24 
La Prairie (T 


25 26 
.2N.,R.13E.). 




28 


Town 


Rock 


(T. 2 N. 


R.12E 


.) 


























Section 


1 


3 
NW.i 


14 


15 


22 


26 


25 
SW.i 


25 


1 
3 5 


6 

SE.i 

16 
1 
53 

18 
4 

8 
100 

18 


19 

SE.i 

5 

61 

5 
2 

13 
9 

5 
100 


21 

NW.i 

17 
12 
44 

6 

10 
4 

7 
100 


31 






Fraction 


SE.i 


SE.i 


E.i 


NE.i 


NE.i 


SE.i 

20 
25 
32 

4 


18 
6 


SW.i NW.i 

10 ' 8 

8 1 2 

69 65 

1 2 
1 3 

12 la 


SW. i 




Niagara limestone 

Qalena limestone 


4 


8 


■ 


11 

1 
72 

3 
2 

9 
2 


12 




13 


20 
161 
27* 

1 
2 

24* 
1 

2 


Trenton limestone. . . . 
St. Peter and Pots- 

Huronian quartzite . . 

Archean crystalline 
rocks 


69 

9 
2 

9 
12 

5 


69 

4 

2 

5 
6 

3 
100 


59 

8 
2 

12 
5 

6 


63 

7 
1 

11 
1 

5 


56 

6 
2 

14 

18 

4 
100 

14 


52 

1 
3 

18 

1 

12 


Chert and quartz 

Doubtful, mostly 
• limestone 


5 


1 

6 






Proof 


100 


100 


100 


100 


100 


100 
13 


100 
12 


100 
13 


100 


Percentage of foreign 
material 


9 


5 


12 


9 


11 


18 


13 


10 


244 



LITHOLOOIOAL COMPOSITION OF THE DRIFT. 
Table G. — Outuxuik deposUn bordering the Darien and JoktiRtovm moraines — Continuecl. 
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Number of analjmiN . . 


29 


. 


31 


82 


88 


84 


35 


36 


37 

_ 

^\,R,1 


38 


m 


40 


4} 42 




Town ., 




Helft 


itfT.l 
11 

4 

7 
45 


S\, R.12E.). 


36 
8E.i 


Turtle (T. 11 


iE,), 


3fiJ 


1"^ 


31 21 
NE.i'w.l 


Aver- 

mm 
(GHletia 

and 
Ttt'iilon 


' 


Section 


1 


12 
N£.t 


23 
8W.J 


20 
SW.j 


■JO 


31 
KK,} 


31 


7 


■pproKi- 

mjitet. 






Fmction ^ ^ ^ 


*lK.i 








Nia^ra limestone — 
Galena limestone. . , „ 
Trenton limestone. . * . 


n 

41 


214 

1« 

m 


20 
14 
44 


4 
39 


144: 

m 


SB* 
1« 
40 


»4 
fa 


27 
20 


I 20 


32 


33 1 ' 

1 41»l 49 


II. e» 

9.91« 
^.9ft 


Lower Magnesia n 
limestone (include 
ing Mendota limt'- 
stone ) * * 






2B 


09 


St. Peter and Pots- 
dam Randfltone . . . . . 
Huronian quartzite . . 


•I 


2| 

17 
1 


1 


'' 


4 


»; 


n 


31 
4 

IS 

'2 

11 


2 
100 




I 

m 


1 
t 


1 1 , 
19 


4 Ih 

u 

1M1 fi 


1.17 + 


Archean oryHtallint' 
rocks 


1 

3 


20 


1 
100 


i 

H 
IDO 


M 

loa 

9 


Chert and quartz 

Doubtful, mostlsr 
limestone .,. 


im 100 icci 


2.93 
XS»9 






100 




Proof .» 


lit 


100 


100 


IDO 


100 


lOKOlfi 






19 12t S 




Percentage of foreign 
material 


17 


20 


SO 


18 


m 


m 


12. 7S 







Table H. — Darien termiiicU moraine of the Delaran lobe. 



Nimiber of analysis . 



^^_„ .Whitewater (T. Sugar Creek (T. 3 N., 

^^^^ ;4N.. R. 15E.). R. 16E.). 



Section . 



Fraction i 8E. i 



Niagara limestone 

Galena limestone 

Trenton limestone 

St. Peter and Potsdam Kandstonc 

Huronian quartjrfte 

Archean crystalline rockn 

Chert and quartz 

Doubtful, mostly limestone 



68 i 
7i! 
4 , 



36 

s. 4 

59 
13 
5 

1 



10 



Richmond (T. 3 N., R. 15 E.). 



«; 7 7 

N. k ! Mid. ; \V. k 



Proof 

Percentage of foreign material. 



17 



100 
13 ' 



1 

100 

17 



13}! 
2i 

1 



651 
13!, 

II . 



644 
19 
24 



l«4| 

lii. 

100 I 



124 



3 1 


14 


100 


100 


14 


124 


:_ 






62 

4 

2 



10 



30 , 
39 ' 



14 1 



1 
14 



1 

100 

14 



9 

100 I 

14 



15 ; 


16 


26 


^'. i 1 


E.4 


SW. i 


51 , 


41 


.^ 


18 : 


24 


11 


2 


12 


6 


■> : 






1 


1 


2 


22 = 


10 


20 


1 


2 





3 


7 


.2 


100 ! 


100 


100 


-[ 




. - r-^n 


22 : 


10 


'22 
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DELAVAN LOBE OF LAKE MICHIGAN GLAOIEB. 
Table H. — Darien terminal moraine of the Delaran lobe — Continued. 

11 




Niagara limestone 

Galena limestone 

Trenton limestone 

St. Peter and Potftdam sandstone 

Huronian quartzite 

Arehean crystalline rocks. 

Chert and quartz 

Doubtful, mostly limestone 



Proof 

Percentage of foreign material 



98 



DELAY AN LOBE OF LAKE MICHIGAN QLAGIEB. 
Table J. — Valparaiso terminal morainic gystem. 



Number of analysis. 



I 



Town . 



Section .. 
Fraction . 



Gene- 
see 

(T.6 
N.,R. 
18 E.). 



35 



New Berlin (T. 6 N.,R. 
2d£.). 



29 ; 



31 



32 



Nia^ra limestone 

Galena limestone 

Trenton limestone 

Lower Maxnesian limestone (includ- 
ing Mendota limestone) 

St. Peter and Potsdam sandstone 

Huronian quartdte 

Archean crystalline rocks 

Chert and quartz 

£k)ubtful, mostly limestone 



86t 



Proof 

Percentage of foreign material . 



100 



18* 



Muskego (T. 5 N.. R. 
20 E.). 



SE.i I SE.| 



82.4 



89.5 



.5 .8 

17.1 I 9.7 



100 



17.6 



100 



10.6 



SW.i JMid. 
86 88.1 



NE.J I 8E.; 



10 ! 11 



Waterford (T. 4 N.. R. 19 E.). 



27 ' 



34 



35 : 



SW.i ' NE.i , NW.i NE.i 



9.4 I 92.3 ! 89.5 82.7 



91 86.2 



•I- 



I .2 I .1 

.....' .1 I 

131' 11.6 I 10.5 



.2 

.1 

6.9 



100 100 100 100 



14 I 11.9 I 10.6 I 7.2 

I I 



.6 1 •. .1 

' 1.4 

10.5 I 15.3 ! 9 13.7 



-1. 



100 100 100 100 

10.5 I 17.3 I 9 13.8 



Number of analysis . 



1121 



.Section . 



13 



Fraction NVV. a 

Niagara limestone I 87| 

Galena limestone 

Trenton limestone ' 



Lower Magnesian limestone (includ- 
ing Mennota limestone) 

St. Peter and Potsdam sandstone 

Huronian quartzite 

Archean crystalline rocks 

Chert and quartz 

Doubtful, mostly limestone 



14 


15 


16 


17 


18 


urlin 
19 E. 

29 


?ton (T.3N. 


T.2N. 


.R. 

15 


Brigh- 
ton (T. 
2N..R. 
20 E.). 


5 i 


•*! 


19 



19 



20 i 



Salem Randall , 
(T.1N..I(T.1 N..I 

R.20 iR.19E.). . 

E.). ; Aver- 

ages. 



20 



20 



NW. i SW. i ! NW. } SW. i I SE. i ! N. J i SW. i S\V. i 

.. '_ ■_ .L '. _ . . 



84f 83 



H3|, 91 



^l ^i ^i W.T2A 



Proof 

Percentage of foreign material . 



l'2h 



i. 
i 
141 



I 



16}. 



14? 15! 
?.. 

*; 



100 : 100 I 100 100 
12* 15.5 I 17 



100 ' 100 i 

r 



*l *, 1 . 

i 1 j iV) . 

S i lOi 14J, 

* I ^j- 



i 



.365 

184 

l.'> 12. 71 

.008 
005 



100 



15f 16)| 8|l 111 



100 I 
15.9 I 



100 99.991 



15| 13. 259 
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mineral constituents of 84-86 

origin of 59 

pebbles of, analyses of. Sec Analyses. 
Driftless area, Chamberlain and Salisbury 

cited on 15.21 

Duncan, J. W., well of 45 

E. 

Eagle, Wis., diamond found near 84 

moraines near 27 

Eagle Lake, origin of 58-61 

East Troy Lake, hydrographlc map of 60 

origin of 58 

East Troy, Wis., gravel deposits at 61 

wells at and near 16-58 

Elburn, 111., moraines near 22-23 

Elgin, 111., morainlc deposits near 23 

Elkhorn, Wis., Elkhorn moraine named for 40 

well at 17 

Elkhorn-Mllton outwash, composition of 83-84, 93 

elevations in 44-45 

origin and character of 44-45 

wells In 45 

Elkhorn moraine, burial of 42 

Como Lake Valley cut off by 51 

composition of 81-82,97 

elevations on 24 

foreign material in 76 

formation of 40-41 

location and character of u 40-42 

outflow from, erosion by _ 49 

relations of Delavan lol)e and — ^ 26 

relations of earlier drift and, map show- 
ing 40 

map showing, reference to 26.43 

Erosion, post-Gladal, extent of 19 

Erosion, pre-GlacIal, extent of 13, 14, 17 

Esker, Kanevllle, evidence of 23 

F. 

Featherstone, W. IL, well of, section of 21 

Field, S. P.. well of 16 

Fort Atkinson, Wis., well at 15-16 

Fox River, moraine west of 00 

valley of. opening of 64 

Fox Rlver-Marengo Ridge belt, character of— 22 

Fulton Center, Wis., stream erosion near 64 

G. 

Galena limestone, contribution to drift by 78, 

80, 82-83. 87 

occurrence of 14, 16 

outw.ish gravels lying on, view of r 42 

Gardners Prairie, gravel deposits at 59 
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Geneva Lake, dam at 61 

formation of 26 

location and character of , 50 

Marengo Ridge near 24 

origin of 50-61 

pre-GIaclal valley of 18 

valley of, confluence of Troy Valley and 26 

well near 35 

Genoa .Junction, Wis., Genoa moraine named 

for 31 

outlet at 26,27 

wells near 31 

Genoa moraine, abandonment of 33 

character of 30-32 

correlation of 31-32 

limit marked by , 65 

outwaah from 32-33 

relations of Darien moraine and 30 

relations of earlier drift and, map show- 
ing 26 

relations of Lake Michigan glacier and — 26 

relations of Marengo Ridge and 24 

resemblance of Valparaiso moraine and — 31 
Genoa-Valparaiso moraines, contact of, out- 
wash of 32-33 

Geological structure of Delavan lobe 13-18 

Glaciation, late Wisconsin, map showing rela- 
tions of present streams and 14 

Glaciation, stages of, table of 11-12 

Grand Rapids, Mich., abandoned valley at 71 

Gravel terraces, dec Terraces, gravel. 
Green Bay Glacier, contact of interlobate Ket- 
tle moraine and 25-26 

correlation of 65 

deployment of 28 

drainage from 27,59 

drift of. composition of 79-81,80-92 

foreign material in 75 

Junction of Delavan lobe and 41,42,44 

Junction of Lake Michigan Glacier and 25 

lake between Milton moraine and 64 

marginal deposits of, elevation of 28 

moraines of. foreign material in 76 

movement of, direction of 14-15, 19-30, 79 

relations of Delavan lobe and 12-13, 52-55 

maps showing 26,42,56,62 

reference to 25-27 

relations of Kettle moraine and 57 

relations of Lake Michigan Glacier and-- 12-13. 

52-55 

maps showing 26,42,56,62 

reference to 25-27 

32. 38, 43 

retreat of 57-67,61-62 

soil beneath 20-21 

stoppage of movement of 43 

Green Bay-Lake Winnebago trough, escarpment 

of 14, 28-29 

formation and character of 14-15 

influence of 28 

H. 

Hamilton bods, contribution to drift by 83,87 

occurrence and character of 13,14 

Hampshire. 111., moraines near 22 

Hayes, ('. W., letter of transmittal by 7 



Heart Prairie, Wis., deposits at 

outwash at, foreign material in 

outwaah plain at, formation of 

topography near 

wells hear 

Hebron, 111., Hebron moraine named for 

Hebron moraine near 

Hebron moraine, halt of Green Bay Glacier at_ 

location and character of 

Heiderberg (I^iower) formation, changes In as- 
signment of members to 

Hembrook, Otto, information furnished by 

Ilobbs, W. H., cited on diamonds of drift 

Holden Lake, origin of 

Holland, Mich., abandoned valley at 

Honey Creek, outlet of 

outlet of, elevation of 

opening of 

Huronian quartzlte, contribution to drift by 

occurrence of 
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42,44 
76 
26 
37 
45 
63 

31,32 
27 

63-64 

13 

10 

84,86 

44-45 

71 

27 

62 

62 

81,83 

13,14 



I. 

Ice, burial of 35-37, 40, 42, 44, 57-58, 

continuance of, in lake basins 

niinoian drift, period of 

Illinois, counties of. In area discussed 

degiaclation in 

Quaternary deposits of, map showing 

map showing, references to__ 18, 22, 
Illinois morainic belt, relations of Delavan 

lobe and 

Interlobate depoelts, character of 

constituents of 

Interlobate Kettle moraine. See Kettle mo- 
raine, interlobate. 

Interlobate tracts, topography of 

lowan drift, period of 

thickness of 

Iron ore in drift, occurrence of 



62,63 
51-52 
11 
12 
25 
22 
25-26 

24-26 
36-37 

81-82 



36-37 
11 
20 

84 



Janesville, Wis., Rock River Valley near, 

view of 

wells at 

JefTerson County, Wis., topographic map of 

.Terlcho Corners, WMs., erosion at 

terraces near 

.lohnstown. Wis., Johnstown moraine named 

for 

wells near 

Johnstown and Darien moraines. 8e€ Darien 

and Johnstown moraines. 
Johnstown and Milton outwash, location and 

character of 

Johnstown Center, well near 

Johnstown moraine, abandonment of 

composition of 

foreign material in 

formation of 

interlobate deposits of Darien moraine and 
Junction of Darien and Milton moraines 

and 

limit marked by 

location and character of 

outwash from __.. 



46 

16 

68 

62-63 

62-63 

36 
21 



46 
21 
40 
89-90 
75.76 
25-26 
36-37 

43 

65 

35-36 

37-40 
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Johnstown moraine, relations of earlier drift 

and, map showing 26 

map showing, references to 25-26, 33, 38 

relations of Green Bay Glacier and 25 

sags in 46-47 

wells in 30 

K. 

Kame near Burlington, Wis., sectional view of- 26 

Karnes near Whitewater, Wis., view of 52 

view of, reference to 43 

Kaneville esker, evidence of 23 

Kansan drift, period of 11 

Kettle moraine, character of 10-11 

composition of 70 

confusion of Kettle Range and 10-11 

definition of 10-11 

formation of 43 

location of 10 

relations of earlier drift and, map show- 
ing 56,62 

sags In 61 

terraces of. See Terraces, gravel. 
Kettle moraine (interlobate), character and 

structure of 53-56 

contact of Green Bay Glacier and 25-26 

Darlen moraine and 54 

definition of 11 

composition of 93 

foreign material in 76 

formation of 20,53 

Johnstow^n moraine and 54 

location of 11,25,53 

Milton terminal moraine and 54-55 

origin of name of 53 

Kettle Range, Ball Bluff In, view of 52 

definition of 10-11 

location of 10 

sectional view of 54 

8ee also Kettle moraine. 

Kettles, formation of 35,37 

Klshwaukee (pre-Glaclal) Valley, possible con- 
nection of Troy Valley and 17-18 

Koshkonong Lake, drift near 15 

location of ^ 16 

outlet of 47 

remainder of large Glacial lake seen In — 64 

L. 

Lagrange Center, Wis., depressions near 54 

glacial junction near 26 

Lagrange Township, wells In 45 

Lake. See next word of name. 

Lake border moralnlc system, composition of- 75, 

81, 83, 80 

correlation of 11 

drainage of 66-67 

drift of, thickness of 67 

elevations In 66-67 

location and character of 66-67 

Like Cliff, view of _- 54 

Lake Michigan Glacier, deployment of 28-20 

direction of movement of 25 

drift of 81-83 

foreign material In 75 

Junction of Green Bay Glacier and 25 



Page. 
Luke Michigan Glacier, moraines of. foreign 

material in 76 

outwash of 8:^-84 

relations of Green Bay Glacier and, map 

showing 26. 42, 56, 62 

map showing, reference to_ 25-27, 33, 38, 43 

retreat of, stages of 27 

lake formed by 67 

stoppage of movement of Green Bay Gla- 
cier by 43 

Lauderdale Lake, formation of 42 

hydrographic map of 60 

topography 'near 57-58 

Leverett, Frank, acknowledgments to 9 

cited on glaciatlon stages 11 

cited on Illlnolan and lowan drift 17-20 

cited on Illinois glacial lobe 17,20,22-23 

cited on Klshwaukee Valley 17 

cited on lake-border moraine 66 

cited on Lake Chicago 6s. 70, 71 

cited on Valparaiso moralnlc belt 23,65 

quoted on Illinois glacial lobe 10-20, 22-23 

quoted on Marengo Uldge 22-23 

quoted on pre-WMsconsIn drift 10-20 

Lily Lake, glacial character of 31 

Little Prairie, wells at 58 

Lulu Lake, origin of 58 

Lyons, Wis., gravel deposits at 59 

M. 

McKee Brothers, well of 16,58 

MacDougal, George, well of 45 

Mackinac, Straits of, opening of 72 

Magneslan, Lower, limestone, contribution to 

drift by SO 

occurrence of 14. 15 

Marcasite In drift, occurrence of 84 

Marengo Hldge, correlation of 12,22-23 

extension of 24 

burial of 52 

formation of 50 

relations of Delavan lobe and 13. 24-25 

relations of Genoa moraine and 31 

sag In 50 

Marengo Uidge-Fox River belt, character of 22 

Marseilles moralnlc system. Junction of Bloom- 

Ington moraine and 22 

Michigan, Lake, merging of Lake Chicago and» 28,72 

Miller, John, Information supplied by 42 

Milton, Wis., Milton moraine named for 43 

Mllton-Elkhorn outwash. See Elkhom-MIIton 

outwash. 
Milton- Johnstown outwash, location and char- 
acter of 46 

Milton moraine, composition of 70.00-01 

elevations on 44-45 

foreign material In 75,76 

formation of 40 

Junction of Darlen and Johnstown mo- 
raines and 43 

lake between Green Bay Glacier and 64 

location and character of 40,43-44 

relations of Green Bay Glacier and 26 

map showing, reference to 26, 43 

relations of Green Bay Glacier and 26 

Milwaukee, Wis., strlie near 30 

Milwaukee River, course of 66-67 

deposits in, evidence from 71-72 
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Mlnooka Ridge, correlation of 23 

location of 2'.\ 

stage of lli 

Monomlnee River, deposits In, evidence from__ 71-72 
Moraines, maps showing location of- 22, 26, 40, 56, 62 

relative ii^e of .'i0-4<» 

8i)ecle8 of, comparison of 35-36,53 

comparison of foreign material In — 76 

Muck and peat, occurrence of 2(» 

Mukwonago, Wis., strle near 30 

topography near 57-58 

well near 16 

Muskego Lake, remainder of glacial lake seen in 67 

Niagara escarpment, location of 55 

Niagara limestone, contribution to drift l)y- 77, 78, 

70-80, 81-83, 87 

occurrence of 13,14,30,55 

l>ercentage of, in Elkborn-Milton out wash 45 

red argillaceous member of 82,87 

west margin of 14 

Nippersink Creek, outlet of 26, 27, 40. 41 

outlet of. elevation of 62 

J valley of, formation of — 26 

North Prairie, Wis., erosion at 63 

Number Lake, location of 36 

O. 

Oregon, Wis., diamond found near 84-86 

otter Lake, formation of 42 

Outwash deposits, channels cut in 30 

contact of Oalena limestone and. view of- 42 

occurrence and character of 32-33 

n'latlons of earlier drift and, mop showing 26 

40, 56, 62 
wells in 38 

P. 

Paleozoic formations, occurrence of 13 

Palmyra. Wis.. Bald Bluff near, view of 52 

Peat and muck, occurrence of 20 

Pebbles for analysis, map showing localities 

whence obtained 7li 

Peorian stage, deglaclation in 12,20-21 

soil horizon of — 20 

Phantom Lake, origin of 58 

Pike Klver, course of 66 

IMeasant Lake, formation of 42 

Pleistocene dei)osits of southeastern Wisconsin, 

map showing location of 64 

Potash Kettle Range. 8ev Kettle Range. 

Potsdam sandstone, contribution to drift by __ 74, 78 

erosion in 28 

occurrence of 13-16 

Power Lake, glacial character of 31 

Pre-Cnrabrian formations, contribution to drift 

by 78 

occurrence of 13 

Pre-Wlsccmsin drift, composition of 88-80 

foreign material in ' 75 

Q. 

Quaternary deposits, map showing 22 

map showing, reference to 18,22,25-26 



R. . Page. 

Racine, Wte., Lake Cliff at, view of 54 

strife near 30 

Red clay, deposition of, in Milwaukee district. 60, 71 

Riverside farm, wells at 15 

Rock County farm, well at 15 

Rock River Valley ( pre-Glaclal ) , deposits in.- .38 

drift in 15 

elevations in 15 

excavation of 26.46-47.64 

relations of Johnstown moraine and 36 

ridge between Troy Valley and 17 

rock ridge across 47 

streams in 26 

view of ^ 46 

reference to 47.40 

Rome, Wis., moraine near 63 

Root River, course of 66 

St. Peter sandstone, contribution to drift by-„ 74 

erosion In 28 

occurrence of 14 

8. 

Sallna formation, contribution to drift by 83, 87 

occurrence and character of 14 

reas:4lgnment8 of members Ut 13 

Salisbury. R. D., cited on Lake Chicago 68 

cited on Rock Rlyer Valley 15 

quoted on soil horizons 21 

Sandstones, contribution to drift by 80,83 

Sangamon deglaclation, period of 11 

Scupperong Marsh, well in 15-16 

Shelby vllle morainic system, stage of 12 

Sherman, William, well of- 45 

Smith, Arthur. Information furnished by 16 

Soil horizons, occurrence of 20-21 

Springfield, Wis., gravel deposits at 59 

Sprlngfleld-Whlte River ridge, character of 41-42 

well on 42 

Streams, present, relations of late glaclatlon 

and. map showing 14 

Sub-Aftonlan drift, period of 11 

Sugar Creek, outlet of 60 

outlet of, elevation of 62 

source and course of .50-60 

valley of. formation of 26.27,59-60 

wells near 60 

Sugar Croek Township, well in 45 

T. 

Terraces, gravel, of Delavan IoIk*. first, erosion 

of 61 

of Delavan lobe, first, formation of- 26-27,57-58 
map showing relations of <;arller 

drift and 56 

r»'ference to 57,50 

Terraces, gravel, of Delavan lobe, first and 

second. Junction of. view of 46 

of Delavan lobe, first and second Junc- 
tion of. view of, reference to 30 

Tei races, gravel, of Delavan lobe, second, con- 

t.'ict between third terrace and. 62-63 

of l>elavan lobe, second, erosion of 62 

extent of 61 

formation of 27.60-62 

map showing relations (jf earlier 

drift and 62 

reference to 27 
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Terraces, grayel, of Delayan lobe, third, contact 

of second terrace and 62-63 

of Delavan lobe, third, formation of— 27, 62-63 

Thome, W. L., Information fiimtsbed by 16. 58 

Topography, pre-GIacial, character of 13-18 

mup showing 14,58 

reference to 15.24.20,38,57-58 

Tree Biuff, partial section of Kettle Range at- 54 

Trenton limestone, contribution to drift by 78, 80. 

82. 83, 87 

occurrence of 14 

Troy Center, gravel deposits at 61 

Troy Valley (pre-Glaclal), channel for glacier 

furnished by 20 

drift in ^ 16,17,20,38.51-62,63 

extension of 17-18 

Junction of La Ice Geneva Valley and 24 

location of 16 

outlet of 17 

possible connection of Klshwaulcee Valley 

and 17-18 

ridge between Uock River Valley and 17 

streams in . 26 

topography of 16 

Turtle Creek, deposits by 38-30 

drainage of 46 

elevations on 34,40 

erosion on 40 

view of 52 

reference to 40 

excavation of 33-35 

formation and history of 47-50 

outlet of 26,27 

abandonment of 60 

formation of '_ 34-35 

Importance of 47-48 

rock gorge on 48-40 

out wash gravels on Galena limestone 

in. view of 42 

valley of 34-35 

V. 
Valparaiso morainic system, composition of. 81^2, 08 
correlation of 23.65 

foreign material In 76 

limits marked by 20.65 

location and character of 64-65 

outwash from 82-88 

relations of Delavan lobe and 13 

resemblance of Genoa moraine and 31 

relations of Lake Michigan Giader and 26 

topography of 64-65 

Valparaiso-Genoa moraine, contact of, out- 
wash of 32-33 

Vernon, Wis., moralnal belts at 65 

Vienna, Wis., valley near 50 

W. 

Walworth, Wis., moraines near 22,31 

well near, section of 21 



Page. 
Walworth County, Wis., topographic map of— 58 
Waterford,-Wis., Junction of I>elavan lobe and 

Green Bay Glacier near 61 

Waterloo area, quartzite of, contribution to 

drift by 74-75. 77-7S 

Watson, W. 8., well of 3h 

Waukesha, Wis., gravel terrace at 65 

moralnal belts at 05 

strl» near 3(» 

Waukesha County. Wis., topographic map of__ 58 

Weils, character of 20 

records of 16.21.35.36,37.45,58 

Whitewater, Wis., kames near, view of 62 

kames near, reference to 43 

partial se<-tion of' Kettle Range near 54 

Whitewater I^ke, location of 36 

Williams Bay. elevations near 24 

Wind Lake, remains of Glacial lake seen in * 67 

Wisconsin, counties of. In area discussed 12 

deglaclatlon in 25 

late glaciatlon and rock formations in. 

map showing relations of 12 

late glaciatlon and present streams of. 

map showing relations of 14* 

Quaternary deposits of, map showing lo- 
cation of 22 

topographic map of Waukesha, Walworth, 

and Jefferson counties of 58 

Wisconsin, eastern, geologic map of 12 

Wisconsin, southeastern, map of part of, show- 
ing localities where pebbles for 

analyses were obtained 72 

Pleistocene deposits of, map showing lo- 
cation of 64 

pre-Glaclal topography of, map showing. 14 

glaciers of, map showing relations of 26. 

40, 56, 62 
map showing relations of earlier 

drift and 26,40,56,62 

Wisconsin drift, muck and peat in 20-21 

soil horiaons in 20-21 

Wisconsin drift in Illinois, period of 12 

Wisconsin drift in Wisconsin, periods of 12 

Wisconsin glaciers (early), direction of move- 
ments of 24-25 

Wisconsin glaciers (late), area covered by, dis- 
cussion of 25-20 

Wiaconain stage, glacial movements and de- 
posits In 22-68 

Wisconsin stage (early), glacial deposits in.. 22-25 
Wisconsin stage (late), glacial movements and 

deposits In 25-67 

history of, outline of 25-28 



Y. 

Yahara Valley. See Catfish Valley. 

Y'armouth deglaclatlon, i>erlod of 11 

Yerkes Observatory, well at 17 
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